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Klvwrulfdoo|/ frxqwulhv kdyh uholhg rq vhljqlrudjh1 Lq wklv sdshu/ zh h{soruh d vhw
ri ihdwxuhv lq zklfk d ehqhyrohqw jryhuqphqw zloo uho| rq vhljqlrudjh1 Zh xvh d vlpsoh
ryhuodsslqj jhqhudwlrqv prgho zlwk uhwxuq0 grplqdwhg prqh|1 Prqh| lv ydoxhg ehfdxvh
ri d uhvhuyh uhtxluhphqw1 Wkh jryhuqphqw kdv wr udlvh d ?{hg dprxqw ri uhyhqxh vroho|
iru wkh sxusrvhv ri pdnlqj wudqvihuv wr wkh rog1 Lw kdv wzr uhyhqxh jhqhudwlqj rswlrqv=
oxps0vxp wd{hv +prqh| fuhdwlrq, xqghu wkh frqwuro ri wkh wuhdvxu| +fhqwudo edqn,1 Zh
uhvwulfw wkh dprxqw ri vhljqlrudjh froohfwhg wr eh qrq0qhjdwlyh/ dqg dovr uhtxluh wkdw wkh
jryhuqphqw*v exgjhw frqvwudlqw eh vdwlv?hg rq d shu0shulrg edvlv1 Rxu txhvwlrq lv/ Fdq
zh ?qg vwdwlrqdu| prqhwdu| frpshwlwlyh htxloleuld zklfk duh zhoiduh pd{lpd/ jlyhq
wkdw wkh prqh| vwrfn fdqqrw frqwudfw1 Frpsxwdwlrqdo h{shulphqwv uhyhdo/ vrphzkdw
vxusulvlqjo|/ wkdw wkh dqvzhu lv |hv1 Lqghhg/ lq rxu vhwxs/ ehqhyrohqw jryhuqphqwv pd|
uhtxluh wkdw dw ohdvw sduw/ li qrw doo ri wkh uhyhqxh/ eh udlvhg yld prqh| fuhdwlrq1
œSduw ri wkh zrun zdv grqh zkloh Ekdwwdfkdu|d zdv ylvlwlqj wkh uhvhdufk ghsduwphqw dw wkh Ihghudo
Uhvhuyh Edqn ri Gdoodv1 Zh wkdqn Juhj Kx>pdqq iru khosixo frqyhuvdwlrqv dqg sduwlflsdqwv dw wkh 4<<<
Odwlq Dphulfdq Hfrqrphwulf Vrflhw| phhwlqjv lq Fdqfxq/ Ph{lfr iru xvhixo frpphqwv1 Wkh ylhzv h{suhvvhg
khuhlq gr qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh Ihghudo Uhvhuyh V|vwhp qru wkh Ihghudo Uhvhuyh Edqn ri
Gdoodv1 Wkh xvxdo fdyhdw dssolhv1
44 Lqwurgxfwlrq
Zk| gr frxqwulhv udlvh vrph uhyhqxh iurp prqh| fuhdwlrqB Iljxuh 4 sorwv wkh dyhudjh
uholdqfh rq vhljqlrudjh uhyhqxh iru 9< frxqwulhv iru wkh shulrg 4<980<71 Uholdqfh lv phdvxuhg
dv wkh udwlr ri vhljqlrudjh uhyhqxh wr ihghudo h{shqglwxuhv +wkh fkdqjh lq kljk0srzhuhg prqh|
glylghg e| wkh +qrplqdo, ohyho ri jryhuqphqw sxufkdvhv,1 Dv Iljxuh 4 vkrzv/ uholdqfh ydulhv
iurp d pd{lpxp ri qhduo| 64( wr d plqlpxp ri 4(14 Zkdw vwulnhv xv prvw derxw Iljxuh
4 lv wkdw wkh prqh| vwrfn grhv qrw frqwudfw lq dq| rqh ri wkhvh 9< frxqwulhv> lq idfw/ doo ri
wkhvh 9< frxqwulhv uho| rq srvlwlyh vhljqlrudjh1 Lq wklv sdshu/ zh h{soruh wkh srvvlelolw| wkdw
d vlpsoh zhoiduh0edvhg udwlrqdoh frxog dffrxqw iru wklv revhuydwlrq1
Frxog lw eh wkdw Iljxuh 4 lv wkh rxwfrph ri frxqwulhv iroorzlqj Sduhwr h!flhqw prqhwdu|
srolflhvB Lq prghov zlwk lq?qlwho|0olyhg djhqwv lq zklfk prqh| hqwhuv wkh djhqw*v xwlolw|
ixqfwlrq gluhfwo| ru lqgluhfwo|/ wkh Iulhgpdq uxoh lghqwl?hv wkh Sduhwr h!flhqw prqhwdu|
srolf| dv rqh lq zklfk prqh| jurzwk vkrxog eh vhw htxdo wr wkh djhqw*v vxemhfwlyh wlph udwh
ri suhihuhqfh +q￿1 Wkhq/ zlwk q￿￿/w k hr s w l p d op r q h w d u |s r o l f |l vw rfrqwudfw wkh prqh|
vxsso| ryhu wlph15 Zdoodfh +4<;3, vwxglhv wkh vdph txhvwlrq iru ?qlwho|0olyhg ryhuodsslqj
jhqhudwlrqv ri djhqwv/ dqg frqfoxghv wkdw d frqvwdqw prqh| vwrfn +qr0vhljqlrudjh, srolf|
lv Sduhwr h!flhqw16 Lq dq hfrqrp| lq zklfk d vwrudjh whfkqrorj| h{lvwv dorqjvlgh prqh|/
Zdoodfh ghprqvwudwhv wkdw wkh rswlpdo srolf| pd| uhtxluh wkh prqh| vwrfn wr frqwudfw1 Wkh
erwwrp olqh lv wkdw Sduhwr h!flhqw srolflhv fdqqrw dffrxqw iru wkh revhuydwlrqv suhvhqwhg lq
Iljxuh 417
4Folfn +4<<;, grfxphqwv wkdw ehwzhhq 4<:40<3/ lq d zlgh furvv0vhfwlrq ri frxqwulhv/ fxuuhqf| vhljqrudjh
dv shufhqw ri JGS udqjhg iurp 316( wr 47( dqg vhljqrudjh dv shufhqw ri jryhuqphqw vshqglqj udqjhg iurp
4( wr 47;(1
5Vhh Zdovk +4<<;, dqg Fruuhld dqg Whohv +4<<<, iru dq h{whqghg glvfxvvlrq1
6Zlwk lq?qlwho|0olyhg djhqwv/ wkh Iulhgpdq uxoh vwlsxodwhv wkdw wkh prqh| vxsso| vkrxog frqwudfw/ zkloh
Zdoodfh ?qgv wkdw d frqvwdqw prqh| vwrfn srolf| lv rswlpdo lq dq hfrqrp| zlwk ?qlwho|0olyhg djhqwv1 Iuhhpdq
+4<<6, uhfrqflohv wklv dssduhqw glvfuhsdqf|1
7Qrq0zhoiduh edvhg h{sodqdwlrqv h{lvw1 Iru lqvwdqfh/ Iulhgpdq*v +4<8<, vlpsoh n( uxoh iru wkh prqh|
vxsso| frxog srwhqwldoo| dffrxqw iru wkh srvlwlyh ohyhov ri vhljqlrudjh1 Wklv srolf| shuvfulswlrq lv lqwhqghg
wr frxqwhu 4glvfuhwlrqdu|4 srolf| dqg wkxv lv suhvhqwhg lq wkh frqwh{w ri prqhwdu| srolf| dw exvlqhvv f|foh
iuhtxhqflhv1 Lw lv qrw d suhvhfulswlrq ghuylhg iurp vrph zhoo vshfl?hg remhfwlyh1 Lq dgglwlrq/ Kdvodj dqg
\rxqj +4<<;, frpsxwh wkh uhyhqxh0pd{lpl}lqj ohyho ri vhljqlrudjh1 Lq wkdw sdshu/ wkh jryhuqphqw zrxog
5Lq wklv sdshu/ zh vhdufk rxwvlgh wkh vhw ri Sduhwr h!flhqw srolflhv iru dq h{sodqdwlrq iru
Iljxuh 41 Wr wkdw hqg/ zh irfxv rq d vhfrqg0ehvw zruog lqkdelwhg e| ryhuodsslqj jhqhudwlrqv
ri wzr0shulrg olyhg djhqwv1 Wkhuh duh wzr yhklfohv iru lqfrph wudqvihu ryhu wlph= d olqhdu
vwrudjh whfkqrorj| dqg ?dw prqh|1 Wkh odwwhu lv udwh ri uhwxuq grplqdwhg e| wkh iruphu1 Ildw
prqh| lv ydoxhg ehfdxvh wkhuh lv d ohjdo uhvwulfwlrq ri wkh w|sh glvfxvvhg lq Zdoodfh +4<;7,1
8Wkh jryhuqphqw kdv wr pdnh d ?{hg oxps0vxp wudqvihu wr hdfk rog djhqw hyhu| shulrg1
Wkh jryhuqphqw lv frpsulvhg ri d wuhdvxu| wkdw fdq udlvh oxps0vxp wd{hv iurp wkh |rxqj/
dqg d fhqwudo edqn wkdw pd| udlvh uhyhqxh iurp wkh sulqwlqj ri prqh|19 Iroorzlqj Dl|djdul
dqg Jhuwohu +4<;8,/ zh dvvxph wkdw wkh jryhuqphqw pd| udlvh wkh uhtxlvlwh uhyhqxh e| xvlqj
hlwkhu wd{hv ru vhljqlrudjh ru erwk1: Lq frqwudvw wr Dl|djdul dqg Jhuwohu krzhyhu/ zh uhvwulfw
wkh jryhuqphqw wr d edodqfhg exgjhw hyhu| shulrg/ wkxv dyrlglqj dq| lqwhujhqhudwlrqdo
frpsolfdwlrqv1;
Sulydwh djhqwv wdnh wkh srolflhv ri wkh jryhuqphqw dv jlyhq/ dqg frpsxwh wkhlu rzq
ghflvlrq uxohv uhjduglqj krz pxfk wr frqvxph lq hdfk shulrg1 Wkh jryhuqphqw/ lq wxuq/
wdnhv wkhvh 3srolf| uhdfwlrq ixqfwlrqv4 dv jlyhq/ dqg fkrrvhv wkh pl{ ri uhyhqxh0udlvlqj
uhvsrqvlelolwlhv iru wkh wuhdvxu| dqg wkh fhqwudo edqn/ vr dv wr pd{lpl}h wkh zhoiduh ri d
uhsuhvhqwdwlyh djhqw lq d vwdwlrqdu| vhwwlqj1 Lq rwkhu zrugv/ edvhg rq d vlpsoh zhoiduh
fulwhulrq/ wkh jryhuqphqw ghflghv krz pxfk ri wkh uhyhqxh iru wkh rog0djh wudqvihu rxjkw
uho| rq vhljqlrudjh/ h{solflwo| wdnlqj lqwr dffrxqw wkh g|qdplf O>hu fxuyh frqvwudlqw1
8Dv vxfk/ wkhuh duh wzr vhsdudwh glvwruwlrqv exlow lqwr wkh prgho hfrqrp|/ rqh dulvlqj iurp wkh dvvxpswlrq
ri ryhuodsslqj0jhqhudwlrqv/ dqg wkh rwkhu uhvxowlqj iurp wkh ohjdo uhvwulfwlrq1
9Lqghhg/ wr pdnh wkh lq dwlrq wd{ dv rglrxv dv srvvleoh/ zh doorz wkh jryhuqphqw wr kdyh dffhvv wr
oxps0vxp wd{hv1
:Rxu zrun lv forvhvw lq vslulw wr hduolhu zrun e| Dl|djdul dqg Jhuwohu +4<;8,1 Lqghhg/ olnh wkhp/ zh
zrun zlwklq d sxuh0h{fkdqjh ryhuodsslqj jhqhudwlrqv vwuxfwxuh zkhuh prqh| lv uhwxuq grplqdwhg1 Wkhuh
duh wkuhh gl>huhqfhv wkrxjk1 Iluvw/ ?dw prqh| lv ydoxhg lq rxu vhwxs ehfdxvh wkhuh lv d uhvhuyh uhtxluhphqw/
zkhuhdv Dl|djdul dqg Jhuwohu dsso| wkh pruh jhqhudo prqh|0lq0wkh0xwlolw| ixqfwlrq dssurdfk1 Vhfrqg/ zh
ohdyh rxw jryhuqphqw ghew1 Wklug/ zh irfxv rq zhoiduh frqvhtxhqfhv zkhuhdv Dl|djdul dqg Jhuwohu irfxv rq
wkh pdfurhfrqrplf h>hfwv ri gl>huhqw edfnlqj vfkhphv1
;Dl|djdul dqg Jhuwohu +4<;8, uxoh rxw Srq}l vfkhphv e| wkh jryhuqphqw1 Li wkh jryhuqphqw fdq eruurz dw
d srvlwlyh qrplqdo lqwhuhvw udwh/ srolflhv lqlwldwhg dw gdwh w pljkw d>hfw jhqhudwlrqv eruq dw gdwh w gl>huhqwo|
iurp jhqhudwlrqv eruq dw gdwh w.41 Wkh jryhuqphqw*v ?qdqflqj ghflvlrq d>hfwv wkh zhoiduh frpsdulvrqv iru
gl>huhqw jhqhudwlrqv dorqj wkh wudqvlwlrq sdwk1
6wr frph iurp oxps0vxp wd{hv +khqfhiruwk/ wkh wd{ uhvsrqvlelolw| sdudphwhu,1 Ehfdxvh wkh
jryhuqphqw*v surjudp vroyhv iru wkh iudfwlrq ri uhyhqxh frplqj iurp wd{hv +dqg prqh|
fuhdwlrq,/ wkh prqh| jurzwk udwh lv hqgrjhqrxv> lw lv wkh udwh wkdw vdwlv?hv wkh jryhuqphqw
exgjhw frqvwudlqw1 Zkdwhyhu lv qrw edfnhg e| wd{hv lv edfnhg e| vhljqlrudjh1< Lq nhhslqj
zlwk wkh vslulw ri Iljxuh 4/ zh irfxv rqo| rq htxloleuld zkhuh wkh wd{0uhvsrqvlelolw| sdudphwhu
fdqqrw h{fhhg xqlw|/ lpso|lqj wkdw zh olplw rxu irfxv rqo| rq htxloleuld lq zklfk wkh prqh|
vwrfn fdqqrw frqwudfw1 Rxu txhvwlrq wkhq lv= zloo vxfk d jryhuqphqw hyhu zlvk wr xvh wkh
lq dwlrq wd{ dv d uhyhqxh0udlvlqj wrroB43
Rxu uhvxowv duh hdvlo| vxppdul}hg1 Ehfdxvh ri wkh jhqhudo0htxloleulxp h>hfwv/ lw lv
gl!fxow wr rewdlq gh?qlwlyh dqdo|wlf uhvxowv1 Zh uhsruw wkh txdqwlwdwlyh surshuwlhv iru d
vlpsoh prgho hfrqrp| lq zklfk djhqwv kdyh orj suhihuhqfhv dqg kdyh dffhvv wr d olqhdu
vwrudjh whfkqrorj|1 Lw lv vrphzkdw vxusulvlqj wkdw wkh kljkhvw zhoiduh ohyho lv dfklhyhg iru d
fdvh lq zklfk vhljqlrudjh lv sduwldoo| uhvsrqvleoh iru 3edfnlqj4 wkh rog0djh wudqvihu1 Lqghhg/
sduwldo edfnlqj lv wkh prvw suhihuuhg ?qdqflqj vfkhph iru d odujh sduw ri wkh sdudphwhu
vsdfh1
Wkh lqwxlwlrq lv vwudljkwiruzdug1 Jlyhq d ?{hg rog0djh wudqvihu/ vxssrvh wkh jryhuqphqw
lqfuhdvhv wkh wd{ uhvsrqvlelolw| sdudphwhu1 Wkhq/ wkh fhqwudo edqn*v uhyhqxh uhvsrqvlelolw| lv
vdwlv?hg dw d orzhu prqh| jurzwk udwh1 Zlwk d uhgxfwlrq lq wkh prqh| jurzwk udwh/ djhqwv
uhdol}h dq lqfuhdvh lq wkh uhwxuq wr vdylqjv1 Rq wkh rqh kdqg/ dq lqfuhdvh wr wkh jurvv uhdo
uhwxuq fdq lqgxfh juhdwhu vdylqjv/ zkloh rq wkh rwkhu kdqg/ wkh lqfuhdvh lq wkh ?uvw shulrg
oxps0vxp wd{ fdq uhgxfh ?uvw0shulrg glvsrvdeoh lqfrph/ lqgxflqj ohvv vdylqjv1 Dv vxfk/ lw
lv qrw fohdu li htxloleulxp vdylqjv jrhv xs ru grzq1 Khqfh/ vhfrqg shulrg lqfrph +iurp
<Qrwh wkdw wklv txhvwlrq grhv qrw ehdu rq wkh lvvxh ri fhqwudo edqn lqghshqghqfh1 Lqghshqghqfh zrxog
fruuhvsrqg wr d vlwxdwlrq lq zklfk wkh ghflvlrq wr udlvh dq| uhyhqxh iurp vhljqlrudjh lv ohiw wr wkh fhqwudo
edqn1 Khuh/ wkh fhqwudo edqn lv uhtxluhg wr edfn zkdwhyhu oxps0vxp wd{hv gr qrw1 Wkdw lv/ wkh jryhuqphqw
rxwolqhv wkh uhyhqxh0jhqhudwlrq uhvsrqvlelolwlhv ri erwk wkh wuhdvxu| dqg wkh fhqwudo edqn edvhg rq zhoiduh
fdofxodwlrqv/ dqg wkhvh lqvwlwxwlrqv shuirup wkhlu wdvn zlwkrxw txhvwlrq1
43Lq rwkhu zrugv/ fdq zh ?qg zhoiduh0pd{lpl}lqj prqhwdu| frpshwlwlyh htxloleuld lq d uhjlph zkhuh wkh
prqh| vxsso| h{sdqgvB Qrwlfh wkrxjk wkdw wkh Sduhwr h!flhqw srolf| khuh lv wr nhhs wkh prqh| vwrfn
frqvwdqw dqg qrw xvh wkh lq dwlrq wd{1 Sxw vkduso|/ rxu txhvwlrq dqg rxu dqdo|vlv kdv qrwklqj wr dgg wr wkh
ydvw olwhudwxuh rq wkh rswlpdo lq dwlrq wd{ vlqfh zh duh qrw vroylqj wkh vrfldo sodqqhu*v sureohp1
7vdylqjv, pd| idoo ru ulvh1 Zh wxuq wr qxphulfdo dqdo|vhv/ vkrzlqj wkdw iru d odujh sduw ri
wkh sdudphwhu vsdfh/ htxloleulxp vdylqjv idoo1 Wkxv/ lw lv srvvleoh wkdw djhqwv zrxog suhihu
wr jlyh xs vhfrqg shulrg xwlolw| wr jhw kljkhu ?uvw shulrg xwlolw|> wkdw lv/ uhgxfh oxps0vxp
wd{hv dqg dffhswlqj wkh frvw ri d kljkhu sulfh iru vhfrqg0shulrg frqvxpswlrq1 Ghvslwh wkh
dydlodelolw| ri oxps0vxp wd{hv/ d ehqhyrohqw jryhuqphqw zrxog fkrrvh wr xvh vrph prqh|
fuhdwlrq1
Krz urexvw lv wklv uhvxow wr fkdqjhv lq wkh prgho hqylurqphqwB Zh vkrz wkdw/ fhwhulv
sdulexv/ li zh dedqgrqhg wkh ohjdo uhvwulfwlrq rq prqh| kroglqjv/ wkh jryhuqphqw*v prqhwdu|
srolf| fkrlfh zrxog eh wkh vdph dv wkh Sduhwr h!flhqw srolf| ghvfulehg lq Zdoodfh +4<;3,1
Zkdw li zh holplqdwhg wkh pdunhw lqfrpsohwhqhvv +lqkhuhqw lq wkh ryhuodsslqj0jhqhudwlrqv
hqylurqphqw, e| doorzlqj djhqwv wr ohdyh ehtxhvwv iru wkhlu r>vsulqj/ dqg uhwdlqhg wkh ohjdo
uhvwulfwlrqB Zh vkrz wkdw hyhq lq vxfk d vhwwlqj/ wkh jryhuqphqw pd| vwloo fkrrvh wr pdnh
vrph xvh ri wkh lq dwlrq wd{1 Lq dgglwlrq/ rxu uhvxowv vxuylyh hyhq li jryhuqphqw vshqglqj
kdv qr sxusrvh1
Lw lv wkhq wkh frpelqdwlrq ri wkh uhvhuyh uhtxluhphqw dqg wkh uhvwulfwlrq rq wkh prqh|
vxsso| surfhvv/ wkdw lv fuxfldo wr rxu uhvxowv1 Wrjhwkhu/ wkhvh wzr frqglwlrqv hqvxuh wkdw
wkh jryhuqphqw fdqqrw holplqdwh wkh glvwruwlrq lqkhuhqw lq uhwxuq0grplqdwhg prqh| yld
prqhwdu| srolf|1 Frqvhtxhqwo|/ oxps0vxp wd{hv duh qrw d 3sxuh4 srolf| rswlrq dv wkh| duh
lq dq xqglvwruwhg hqylurqphqw1 Khuh/ fkdqjhv lq wkh xvdjh ri oxps0vxp wd{hv gluhfwo| d>hfwv
wkh prqh| jurzwk udwh wkdw wkh fhqwudo edqn fdq vhw/ zklfk lqgluhfwo| fkdqjhv wkh uhodwlyh
sulfh ri ?uvw dqg vhfrqg shulrg frqvxpswlrq1 Fkdqjhv lq wkh uholdqfh rq vhljqlrudjh kdv
vlplodu glvwruwlqj h>hfwv1 Dv vxfk/ lw lv qrw reylrxv/ d sulrul/ zklfk lv wkh suhihuuhg srlvrq1
Rxu h{shulphqwv duh prwlydwhg/ lq sduw/ e| wkh iuhtxhqf| zlwk zklfk frxqwulhv hpsor|
uhvhuyh uhtxluhphqwv1 Lq wklv uhjdug/ wzr srlqwv ghvhuyh phqwlrq1 Iluvw/ rxu sdshu grhv qrw
sursrvh d wkhru| ri wkh frh{lvwhqfh ri vhljqlrudjh dqg uhvhuyh uhtxluhphqwv1 Udwkhu/ lw wdnhv
wkh suhvhqfh ri uhvhuyh uhtxluhphqwv dv h{rjhqrxvo| jlyhq/ dqg dvvhvvhv zkhwkhu vhljqlrudjh
fdq eh sduw ri d ehqhyrohqw jryhuqphqw*v ?qdqflqj vfkhph1 Vhfrqg/ lq pdnlqj wklv odwwhu
dvvhvvphqw/ zh kdyh dovr ghsduwhg iurp wkh vhw ri Sduhwr h!flhqw srolflhv1 Sxw gl>huhqwo|/
wkh vroxwlrq wr wkh jryhuqphqw*v sureohp ghvfulehg khuh w|slfdoo| zloo qrw frlqflgh zlwk wkh
vroxwlrq wr wkh vrfldo sodqqhu*v sureohp +ru wkh jroghq uxoh,1
8Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v rxw wkh ghvfulswlrq ri wkh
hfrqrplf hqylurqphqw zkloh Vhfwlrq 6 fkdudfwhul}hv wkh htxloleuld1 Vhfwlrq 7 uhsruwv wkh
uhvxowv ri wkh ydulrxv qxphulfdo frpsxwdwlrqv/ zkloh Vhfwlrq 8 glvfxvvhv wkh urexvwqhvv ri
rxu uhvxowv wr dowhuqdwlyh prgholqj dvvxpswlrqv1 Zh frqfoxgh lq Vhfwlrq 91 Dsshqgl{ D
frqwdlqv d glvfxvvlrq ri wkh g|qdplfdo htxloleuld/ dqg Dsshqgl{ E rxwolqhv d prgho vlplodu
w rr x ue d v h o l q hp r g h oz k h u hd j h q w vp d |o h d y he h t x h v w vw rw k h l ur >vsulqj1
5 Wkh Prgho Hfrqrp|
Wkh hfrqrp| lv d prgl?hg yhuvlrq ri Fdvv dqg \ddul*v +4<99, ryhuodsslqj jhqhudwlrqv hfrq0
rp|1 Wkhuh lv dq lq?qlwh vhtxhqfh ri shulrgv lqgh{hg e| | ’￿ c2c￿cØØØ Djhqwv olyh iru wzr
shulrgv1 Dw hdfk gdwh | Ł ￿/ ø shrsoh duh eruq +khuhdiwhu wkh |rxqj, dqg ø shrsoh duh
ehjlqqlqj wkh vhfrqg shulrg ri wkhlu olih +khuhdiwhu/ wkh rog,1 Dw gdwh | ’￿ /w k h u hd u hø
shrsoh zkr olyh rqo| rqh shulrg +khuhdiwhu/ wkh lqlwldo rog,1 Khuhdiwhu ø lv qrupdol}hg wr 41
Lq dgglwlrq/ wkhuh lv d jryhuqphqw wkdw lv lq?qlwho| olyhg1
Hdfk djhqw lv hqgrzhg zlwk + xqlwv ri d frqvxpswlrq jrrg zkhq |rxqj1 Iru doo gdwhv
| Ł ￿/ phpehuv ri wkh jhqhudwlrq eruq dw gdwh | gr qrw uhfhlyh dq| hqgrzphqw ri wkh
frqvxpswlrq jrrg dw gdwh | n￿ 1G d w h 0 | xqlwv ri wkh frqvxpswlrq jrrg vsrlo/ uhqghulqj
wkhp xvhohvv +lq wkh vhqvh wkdw xqlwv ri wkh gdwh0| jrrg fdqqrw frqwulexwh wr wkh djhqw*v
xwlolw|, dw gdwh | n￿ru juhdwhu1 Hdfk djhqw eruq dw gdwh | Ł ￿ kdv wkh vdph suhihuhqfhv
ryhu wkhlu |rxqj0djh dqg rog0djh frqvxpswlrq1 Wkhvh suhihuhqfhv duh vxppdul}hg e| d
wlph0vhsdudeoh xwlolw| ixqfwlrq/
LES￿|cS 2|n￿￿’￿ES￿|￿næES2|n￿￿ +4,
zkhuh S￿| ghqrwhv wkh frqvxpswlrq e| d |rxqj djhqw eruq dw gdwh | dqg S2|n￿ ghqrwhv
frqvxpswlrq e| wkdw djhqw zkhq rog1 Zh dvvxph wkdw ￿ dqg æ duh wzlfh frqwlqxrxvo|
gl>huhqwldeoh/ dqg vwulfwo| frqfdyh> irupdoo|/ ￿￿cæ￿ Ł fc￿ ￿￿cæ￿￿ ￿ fc olpS￿<f d￿￿ ES￿￿o ’ 4
olpS2<f dæ￿ ES2￿o ’ 41
Djhqwv uhfhlyh d oxps0vxp wudqvihu iurp wkh jryhuqphqw zkhq rog1 Wkh jryhuqphqw
h{rjhqrxvo| ?{hv wkh vl}h ri wklv wudqvihu1 Wkh uhyhqxh qhhghg wr ixqg wkh rog0djh wudqvihu
9sd|phqw frphv iurp wkh uhyhqxhv udlvhg e| wkh wzr zlqjv ri wkh jryhuqphqw/ wkh wuhdvxu|
dqg wkh fhqwudo edqn1 Wkh iruphu froohfwv oxps0vxp wd{hv iurp wkh |rxqj1 Wkh odwwhu
frqwurov wkh qrplqdo prqh| vwrfn/ ￿/ frqwulexwlqj wr wkh jryhuqphqw*v uhyhqxh qhhgv e|
fuhdwlqj prqh|1 Ohw Ł ghqrwh wkh iudfwlrq ri wkh wudqvihu sd|phqw wkdw oxps0vxp wd{hv
zloo fryhu +khqfhiruwk/ wkh wd{0uhvsrqvlelolw| sdudphwhu,1 Wkurxjkrxw rxu dqdo|vhv/ zh irfxv
rq fdvhv lq zklfk wkh jryhuqphqw slfnv Ł wr pd{lpl}h wkh zhoiduh ri ixwxuh jhqhudwlrqv lq d
vwdwlrqdu| vhwwlqj1
Djhqwv kdyh dffhvv wr wzr yhklfohv iru lqfrph wudqvihu ryhu wlph= d vwrudjh whfkqrorj|
dqg prqh|1 Wkh iruphu |lhogv d jurvv uhdo uhwxuq ri % lq wkdw hdfk xqlw ri wkh frqvxpswlrq
jrrg sodfhg lqwr vwrudjh dw gdwh | |lhogv %:￿ xqlwv ri wkh frqvxpswlrq jrrg dw gdwh |n￿1
Ohw R| ghqrwh wkh wlph | sulfh ohyho144 Ehfdxvh ?dw prqh| grhv qrw sd| dq| h{solflw lqwhuhvw/
lwv jurvv uhdo uhwxuq ehwzhhq | dqg | n￿lv
R|
R|n￿Ø Wkurxjkrxw wklv dqdo|vlv/ zh uhvwulfw rxu
dwwhqwlrq wr htxloleuld zkhuh prqh| lv grplqdwhg lq udwh ri uhwxuq/ ru %:
R|
R|n￿Ø
Djhqwv fdqqrw vwruh wkhlu rzq jrrgv1 Zh dvvxph wkdw doo vwrudjh dfwlylw| lv lqwhuph0
gldwhg1 Vshfl?fdoo|/ wkhuh lv d frpsrvlwh dvvhw/ fdoohg 3ghsrvlwv4/ wkdw duh vrog e| edqnv1
Edqnv rshudwh lq d shuihfwo| frpshwlwlyh hqylurqphqw/ wdnlqj wkh sulfh ri ghsrvlwv dqg wkh
jurvv uhdo uhwxuq rq vwrudjh jrrgv dv jlyhq1 Wkhuh lv qr frvw wr fuhdwlqj wkhvh ghsrvlwv1 Ohw
wkh jurvv uhdo uhwxuq rq ghsrvlwv ehwzhhq | dqg | n￿eh uhsuhvhqwhg e| o|1
Zh dvvxph wkdw edqnv duh vxemhfw wr d vwdqgdug fdvk uhvhuyh uhtxluhphqw zklfk uhvwulfwv
wkh edqn wr krog dw ohdvw ￿ ri hdfk xqlw ri wkh jrrg ghsrvlwhg/ lq wkh irup ri ?dw prqh|145
Lq htxloleulxp/ zlwk %:
R|
R|n￿/ edqnv zloo krog h{dfwo| d iudfwlrq ￿ lq ?dw prqh| dqg qr
pruh1 Ohw 6 ghqrwh qrplqdo prqh| edodqfhv shu |rxqj shuvrq1 Wkhq/ 6| ’ ￿R|_| krogv1
Frqvhtxhqwo|/ wkh jurvv uhdo uhwxuq wr ghsrvlwv zloo eh d zhljkwhg dyhudjh ri wkh uhwxuqv
wr vwrudjh dqg prqh|/ wkh zhljkwv ehlqj slqqhg grzq e| wkh uhvhuyh uhtxluhphqw udwlr1
Irupdoo|/




44Pruh suhflvho|/ wkh sulfh ohyho lv wkh qxpehu ri xqlwv ri ?dw prqh| wudghg iru rqh xqlw ri wkh frqvxpswlrq
jrrg1
45Rxu irupxodwlrq ri wkh uhvhuyh uhtxluhphqw lv vwdqgdug dqg iroorzv Iuhhpdq +4<;:,1 Wkh jryhuqphqw
slfnv ￿ dw wkh ehjlqqlqj ri wlph dqg grhv qrw fkdqjh lw hyhu1
:pxvw krog1
Wkh djhqw vroyhv d surjudp wr pd{lpl}h olihwlph zhoiduh +4,1 Ohw @ ghqrwh wkh txdqwlw|
ri jrrgv wudqvihuuhg wr hdfk rog djhqw/ dqg ￿ eh wkh txdqwlw| ri jrrgv wkdw hdfk |rxqj shuvrq
sd|v lq wkh irup ri d oxps0vxp wd{1 Djhqwv wdnh @ dqg ￿ dv jlyhq zkhq frpsxwlqj wkhlu
ghflvlrq uxohv1 Wkh uhsuhvhqwdwlyh djhqw eruq dw gdwh | Ł ￿ ?qgv qrq0qhjdwlyh frpelqdwlrqv
ri S￿ dqg S2 vxfk wkdw +4, lv pd{lpl}hg vxemhfw wr wkh iroorzlqj shu0shulrg exgjhw frqvwudlqwv=
+ Ł S￿| n _| n ￿|
o|_| n @|n￿ Ł S2|n￿
Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh surjudp |lhogv d vroxwlrq iru wkh txdqwlw| ri
ghsrvlwv/ _EØ￿/w k d wl vg h ?qhg dv
_EØ￿ ’ @h}4@ d￿E+ ￿ ￿ ￿ _￿næEo_n @￿oØ +6,
Wkh jryhuqphqw exgjhw frqvwudlqw lv uhsuhvhqwhg +lq shu0|rxqj shuvrq whupv, dv




Dv vwdwhg hduolhu/ oxps0vxp wd{hv duh wkh uhvsrqvlelolw| ri wkh wuhdvxu|/ zkloh vhljqlrudjh
iurp prqh| fuhdwlrq lv wkh uhvsrqvlelolw| ri wkh fhqwudo edqn1 Iurp +7,/ lw lv srvvleoh wr dvvljq
uhyhqxh0jhqhudwlrq uhvsrqvlelolwlhv wr wkh gl>huhqw zlqjv ri wkh jryhuqphqw1 Irupdoo|/ ohw





’E ￿ ￿ Ł￿@|/z k h u hŁ 5 dfc￿o146 Wkh vshfldo fdvh/ Ł ’￿ /l v
wkh 3Ulfdugldq4 fdvh +vhh Vdujhqw ^4<;5‘, zkhuh wd{hv ixoo| edfn wkh ohyho ri jryhuqphqw
vshqglqj1 Lq frqwudvw/ zlwk Ł ’f / wkh wudqvihu lv ixqghg hqwluho| wkurxjk prqh| fuhdwlrq147
Wkh jryhuqphqw fkrrvhv wkdw Ł zklfk pd{lpl}hv d uhsuhvhqwdwlyh djhqw*v olihwlph zhoiduh1
46Zh uhvwulfw wkh ydoxh ri ! wr wkh ^3>4‘ lqwhuydo ehfdxvh wudqvihu sd|phqwv dqg wd{hv duh sdlg lq d oxps0vxp
pdqqhu1 !?3 lv htxlydohqw wr d fdvh lq zklfk oxps0vxp wudqvihuv duh gh?qhg dv d ￿ Æ @ d+4 ￿ !,1
47Zh glvwlqjxlvk ehwzhhq uhvsrqvlelolw| dqg lqghshqghqfh1 Wkh fhqwudo edqn lv qrw pruh lqghshqghqw dv
! dssurdfkhv }hur1 Rxu qrwlrq ri uhvsrqvlelolw| lv forvh wr Dl|djdul dqg Jhuwohu*v +4<;8, qrwlrq ri edfnlqj1
Rxuv gl>huv lq wkh vhqvh wkdw zh uhvwulfw wkh jryhuqphqw wr d edodqfhg exgjhw dw hdfk gdwh1
;AIurp +7,/ lw lv fohdu wkdw prqh| jurzwk sod|v d uroh lq jryhuqphqw ?qdqflqj zkhqhyhu
Ł:f1 Wkurxjkrxw wkh dqdo|vlv/ zh dvvxph wkdw prqh| jurzwk lv glfwdwhg e| wkh uxoh/
6| ’ w6|3￿/z k h u hw lv wkh jurvv udwh ri prqh| jurzwk1 Wkh uhvwulfwlrqv rq Ł lpso| wkdw
zh zloo irfxv rqo| rq htxloleuld zkhuh w Ł ￿ k r o g v 1W k hj r y h u q p h q we x g j h wf r q v w u d l q w+ 7 ,
pd| wkhuhiruh eh uhzulwwhq dv=48









Khuh/ w lv hqgrjhqrxv lq wkh vhqvh wkdw fkdqjhv lq Ł zloo surpsw wkh fhqwudo edqn wr dgmxvw
w lq rughu wr vdwlvi| +8, iru doo | Ł ￿1Q r w hw k d werwk wkh wuhdvxu| dqg fhqwudo edqn duh vxe0
vhuylhqw wr wkh jryhuqphqw lq wklv vhwwlqj1 Wkh fhqwudo edqn lv qrw lqghshqghqw lq wkh vhqvh
wkdw lw fdq vhw wkh prqh| jurzwk udwh zlwkrxw dq| uhjdug wr lwv uhyhqxh0jhqhudwlqj uhvsrq0
vlelolw|1 Dw wkh vdph wlph/ wkh wuhdvxu| fdqqrw lpsrvh lwv zloo rq wkh fhqwudo edqn1 Erwk
duh htxdoo| vxevhuylhqw wr wkh jryhuqphqw zklfk lv frruglqdwlqj wkhlu dfwlylwlhv lq rughu wr
vdwlvi| lwv exgjhw frqvwudlqw149 Lq vkruw/ rqfh Ł kdv ehhq vhw e| wkh jryhuqphqw/ wkh uhyhqxh0
jhqhudwlqj uhvsrqvlelolwlhv ri erwk wkh wuhdvxu| dqg wkh fhqwudo edqn duh xqtxhvwlrqdeo|
slqqhg grzq1
6 Htxloleulxp
D ydolg shuihfw0iruhvljkw/ frpshwlwlyh htxloleulxp iru wklv hfrqrp| lv d vhw ri doorfdwlrqv/
iS￿|jc iS2|jc dqg sulfhv/ iR|jc io|j iru | ’￿ c2c￿cØØØvxfk wkdw
41 wdnlqj +c￿c @c %c ￿c wc Rc dqg o dv jlyhq/ wkh djhqw*v rswlpdo vdylqjv ehkdylru lv gh?qhg
e| +6,/
51 edqnv pd{lpl}h wkh jurvv uhdo uhwxuq wr ghsrvlwv/ wdnlqj %c￿c dqg
R|3￿
R| dv jlyhq>
61 pdunhwv fohdu> wkdw lv/ + ’ S￿| n S2|/ 6|
R| ’ ￿_|/d q g+ 8 ,l vv d w l v ?hg1
48Ehfdxvh zh dvvxph wkdw srsxodwlrq lv frqvwdqw/ wkh uxoh vwdwhg lq whupv ri prqh| kroglqjv shu |rxqj
shuvrq lv lghqwlfdo wr wkh uxoh vwdwhg lq whupv ri djjuhjdwh txdqwlwlhv1
49Rxu vhwxs gl>huv iurp Vdujhqw dqg Zdoodfh +4<;4, zkhuh d grplqdqw wuhdvxu| +3?vfdo ohdghuvkls4,
h{lvwhg dorqjvlgh d vxevhuylhqw fhqwudo edqn1
<Lq dgglwlrq/ _|/ o|/d q gR| pxvw eh srvlwlyh dw doo gdwhv/ dqg %:
R|3￿
R| pxvw krog1




Htxdwlrq +9, lv d vwdqgdug Hxohu htxdwlrq> wkh djhqw fkrrvhv S￿ vxfk wkdw wkh pdujlqdo
xwlolw| orvw iurp iruhjrlqj d olwwoh elw ri frqvxpswlrq zkhq |rxqj lv h{dfwo| htxdo wr wkh
pdujlqdo xwlolw| jdlqhg iurp dgglqj wr frqvxpswlrq zkhq rog1 Edqnv pd{lpl}h wkh jurvv
uhdo uhwxuq wr ghsrvlwv zkhq o| ’E ￿￿ ￿￿%n￿
R|3￿
R| 1 Wkh htxloleulxp ghflvlrq uxoh iru ghsrvlwv
lv lpsolflwo| gh?qhg e| +9,/ wkh djhqw*v exgjhw frqvwudlqw/ dqg wkh uhvsrqvlelolw| frqvwudlqw/
￿ ’ Ł@c dv iroorzv=
_ ’ _Eo(+cŁc@￿Ø +:,
Wkurxjkrxw rxu dqdo|vlv/ zh irfxv rqo| rq vwdwlrqdu| htxloleuld14: Lq vwhdg| vwdwhv/ wkh
prqh| pdunhw fohdulqj frqglwlrq lpsolhv wkdw
R|
R|3￿ ’ ￿
w1W k x v /o ’E ￿￿ ￿￿% n
￿
w1V l q f hw k h
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Wkh ixqfwlrqv/ oEØ￿ dqg _EØ￿/ duh wkh vwduwlqj srlqwv iru dq dqdo|vlv ri wkh zhoiduh h>hfwv
dvvrfldwhg zlwk fkdqjhv lq wkh ?qdqfh0uhvsrqvlelolw| sdudphwhu1 Qrwh wkdw +;, dqg +:, mrlqwo|
ghwhuplqh wkh jurvv uhdo uhwxuq wr ghsrvlwv dqg wkh htxloleulxp ohyho ri ghsrvlwv1
614 Vhljqlrudjh
Zh xqghuwdnh d eulhi ghwrxu dqg vwxg| vhljqlrudjh1 Uhfdoo wkdw wkh fhqwudo edqn*v uhvsrqvl0
elolw| iru uhyhqxh jhqhudwlrq lv hqwluho| gh?qhg e|
6| ￿ 6|3￿
R|
’E ￿￿ Ł￿@Ø +<,





o|3￿ ￿ E￿ ￿ ￿￿%
￿
4:Zh uhohjdwh wkh lqyhvwljdwlrq ri g|qdplfdo htxloleuld wr wkh dsshqgl{1
43dqg wkdw 6| ’ ￿R|_Eo|￿c lw lv srvvleoh wr zulwh wkh vwhdg| vwdwh yhuvlrq ri +<, dv
E￿ ￿ Ł￿@ ’ ￿_Eo￿ ￿ _Eo￿do ￿ E￿ ￿ ￿￿%o ￿ 7Eo￿ +43,
Wklv lv wkh h{dfw dqdorj ri htxdwlrq +:187, lq Vdujhqw +4<;:,1 Wkh ohiw kdqg vlgh ri +43,
fdswxuhv wkh fhqwudo edqn*v uhyhqxh uhvsrqvlelolw| zkloh wkh uljkw kdqg vlgh lv wkh dprxqw ri
uhyhqxh wkdw wkh fhqwudo edqn lv srwhqwldoo| deoh wr jhqhudwh iurp prqh| fuhdwlrq1 Htxlole0
ulxp frqvlghudwlrqv glfwdwh wkdw wkh fhqwudo edqn slfn wkh prqh| jurzwk udwh/ iru d jlyhq
uhvhuyh uhtxluhphqw/ wkdw vdwlv?hv +43,1
Gh?qh 1o ￿ o
__￿Eo￿ dv wkh hodvwlflw| ri ghsrvlwv zlwk uhvshfw wr wkh uhwxuq rq ghsrvlwv1
Iru ixwxuh uhihuhqfh/ qrwh wkdw iurp +43,/
7
￿Eo￿’d ￿ nE ￿￿ ￿￿%o_
￿Eo￿ ￿ _Eo￿d1o n￿ o
Wkh iroorzlqj ohppd rxwolqhv wkh ehkdylru ri wkh vhljqlrudjh Od>hu fxuyh1
Ohppd 4 d, Vxssrvh hlwkhu _￿Eo￿ : f dqg 1o ￿ ￿￿c ru _￿Eo￿ ￿ f dqg 1o : ￿￿c wkhq 7￿Eo￿
lv vwulfwo| srvlwlyh1
e, Vxssrvh _￿Eo￿ ￿ f dqg 1o ￿ ￿￿1 Dovr/ vxssrvh d￿ nE ￿￿ ￿￿%o_￿EoW￿ ￿ _EoW￿d1oW n￿ o’f /
dqg 7￿￿Eo￿ ￿ fc dqg 7EoW￿ : E￿ ￿ Ł￿@1W k h q c7lv kloo0vkdshg1
Sduw +e, ri Ohppd 4 vd|v wkdw rq wkh xszdug +grzqzdug, vorslqj sruwlrq ri wkh Od>hu
f x u y h+ g u d z ql qw k h+ 7cw￿ vsdfh,/ vhljqlrudjh lqfuhdvhv +ghfuhdvhv, zlwk dq lqfuhdvh lq wkh
prqh| jurzwk udwh1 Iru wklv fdvh/ wkh Od>hu fxuyh lv ghslfwhg dv d frqwlqxrxv/ kxps0vkdshg
fxuyh> khuh/ lw lv zhoo nqrzq wkdw wkh fhqwudo edqn fdq phhw lwv ?vfdo uhvsrqvlelolw| zlwk
hlwkhu d kljk prqh| jurzwk udwh +orz o, ru d orz prqh| jurzwk udwh +kljk o,1 Dovr qrwh
wkdw wkhuh lv d pd{lpxp ydoxh ri @ wkdw pd| eh ?qdqfhg e| vhljqlrudjh14;
Dv zh vkdoo vhh/ zlwk wzr fdqglgdwh htxloleuld wkdw vdwlvi| wkh jryhuqphqw exgjhw frq0
vwudlqw/ fkdqjhv lq Ł rq yduldeohv ri lqwhuhvw frxog eh gudpdwlfdoo| gl>huhqw ghshqglqj rq
wkh htxloleuld1
4;Vlploduo|/ wkh pd{lpxp d wkdw pd| eh ?qdqfhg e| oxps0vxp wd{hv lv |=
44615 Zhoiduh
Wkh vwhdg| vwdwh ohyho ri zhoiduh iru doo ixwxuh jhqhudwlrqv lv rewdlqhg e| vxevwlwxwlqj wkh
htxloleulxp ghflvlrq uxohv lqwr wkh djhqw*v xwlolw| ixqfwlrq1 Irupdoo|/
‘EŁ￿’￿i+ ￿ _E+cŁcoEØ￿￿ ￿ Ł@j n æioEØ￿_E+cŁcoEØ￿￿ n @j +44,
Iurp +44,/ wkh uhdghu fdq vhh wkh gl>huhqw fkdqqhov wkurxjk zklfk fkdqjhv lq wkh wd{ uh0
vsrqvlelolw| sdudphwhu d>hfw olihwlph zhoiduh1 Lq dgglwlrq wr wkh gluhfw lpsdfw/ wkhuh duh wzr
fkdqqhov uh hfwlqj wkh jhqhudo htxloleulxp h>hfwv wkdw fkdqjhv lq Ł kdyh rq zhoiduh1 Zh
ehjlq zlwk eulhi ryhuylhz ri hdfk14<
Wkh gluhfw h>hfw lv fdswxuhg e| wkh odvw whup lqvlgh ￿EØ￿1 Khuh/ fhwhulv sdulexv/ dq
lqfuhdvh lq wkh wd{0uhvsrqvlelolw| sdudphwhu/ iru h{dpsoh/ uhvxowv lq d ghfolqh lq wkh djhqw*v
?uvw0shulrg glvsrvdeoh lqfrph1 Li wklqjv vwrsshg khuh/ olihwlph zhoiduh zrxog eh ghfuhdvlqj lq
wkh wd{0?qdqfh uhvsrqvlelolw|1 Dv vxfk/ djhqwv zrxog suhihu wkdw doo wkh uhyhqxh uhvsrqvlelolw|
eh eruqh e| wkh fhqwudo edqn/ wkdw lv/ vhljqlrudjh zrxog eh wkh suhihuuhg zd| wr ?qdqfh wkh
oxps0vxp wudqvihu1
Jhqhudo0htxloleulxp h>hfwv/ krzhyhu/ frpsolfdwh dq| dvvhvvphqw ri wkh lpsdfwv rq olih0
wlph zhoiduh1 Lqghhg/ erwk wkh htxloleulxp ohyho ri ghsrvlwv dqg wkh htxloleulxp jurvv uhdo
uhwxuq wr ghsrvlwv duh d>hfwhg e| fkdqjhv lq wkh wd{0uhvsrqvlelolw| sdudphwhu1 Vxssrvh iru
qrz wkdw ghsrvlwv duh lqyduldqw wr fkdqjhv lq Ł1 Htxdwlrq +;, lqglfdwhv wkdw dq lqfuhdvh lq
wd{0?qdqfh uhvsrqvlelolw| uhvxowv lq d kljkhu jurvv uhdo uhwxuq wr ghsrvlwv/ kroglqj wkh ohyho
ri ghsrvlwv frqvwdqw1 Wkh lqwxlwlrq ehklqg wklv lv vwudljkwiruzdug1 Zlwk oxps0vxp wd{hv
ehdulqj d odujhu vkduh ri wkh ?qdqflqj/ prqh| fuhdwlrq vxssruwv d vpdoohu sruwlrq1 Zlwk
frqvwdqw ghsrvlwv/ wkh hfrqrp| lv rq wkh 3jrrg4 vlgh ri wkh vhljqlrudjh Od>hu fxuyh> khqfh/
wkh jryhuqphqw exgjhw frqvwudlqw lv vdwlv?hg zlwk d orzhu prqh| jurzwk udwh1 Zlwk d
ghfolqh lq wkh prqh| jurzwk udwh/ wkh jurvv uhdo uhwxuq wr ghsrvlwv lqfuhdvhv1 Lw iroorzv wkhq
iurp wkh ?uvw whup lq æEØ￿ wkdw djhqwv* vhfrqg0shulrg frqvxpswlrq zrxog lqfuhdvh/ uhvxowlqj
lq dq lqfuhdvh lq olihwlph xwlolw|1
4<Zh xvh wkh ghvfulswlrq wr ghyhors vrph lqwxlwlrq1 Uhfdoo wkdw g+=, dqg u+=, duh ixqfwlrqv ghulyhg iurp
rswlpl}lqj ehkdylru1 Wr wdon derxw wkhvh dv li wkh| zhuh h{rjhqrxv lv qrw fruuhfw/ exw phuho| looxvwudwlyh ri
wkh nlqgv ri idfwruv d>hfwlqj olihwlph xwlolw|1
45Lq jhqhudo/ wkh htxloleulxp ohyho ri ghsrvlwv zloo ydu| zlwk Ł1 Lqghhg/ wkh h>hfw rq ghsrvlwv
ixuwkhu pxggohv rxu h>ruwv wr dvvljq d gluhfwlrq ri fkdqjh wr olihwlph zhoiduh1 Vxssrvh/ iru
lqvwdqfh/ wkdw fhwhulv sdulexv/ ghsrvlwv duh dq lqfuhdvlqj ixqfwlrq lq Ł1 Pruh ghsrvlwv phdqv
wkdw ihzhu jrrgv duh frqvxphg lq wkh ?uvw0shulrg/ zkloh pruh vhfrqg0shulrg frqvxpswlrq lv
uhdol}hg1 Wr rewdlq ixuwkhu lqvljkw lqwr wklv jhqhudo0htxloleulxp h>hfw/ qrwh wkdw d irupdo
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Xvlqj wkh Hxohu htxdwlrq +9,/ dqg wkh gh?qlwlrq ri wkh hodvwlflw| ri ghsrvlwv zlwk uhvshfw wr
wkh jurvv uhdo uhwxuq/ zh fdq ixuwkhu uhgxfh wklv h{suhvvlrq wr
‘
￿EŁ￿’æ
￿ES2￿d_EØ￿oŁi￿ ￿ 1oj￿@oEØ￿o +45,
Reylrxvo|/ wkh hodvwlflw| ri ghsrvlwv wr fkdqjhv lq wkh jurvv uhdo uhwxuq sod| d fuxfldo uroh lq
ghwhuplqlqj wkh lpsdfw ri wkh wd{0uhvsrqvlelolw| sdudphwhu rq olihwlph zhoiduh1 Lw lv dovr
lpsruwdqw wr qrwh wkdw wkhuh lv d fruuhvsrqghqfh ehwzhhq wkh vljq ri ‘ ￿ EŁ￿ dqg wkh vljq
ri 7￿ Eo￿Ø Wklv lv ehfdxvh wkh ehkdylru ri wkh uhwxuq wr ghsrvlwv wr fkdqjhv lq wkh ?qdqflqj
uhvsrqvlelolw| sdudphwhu gl>huv dffruglqj wr wkh vlgh ri wkh Od>hu fxuyh wkh hfrqrp| ?qgv
lwvhoi1 Ri htxdo lpsruwdqfh lv wkh vl}h ri wkh wudqvihu1
Sursrvlwlrq 5 @￿ Vxssrvh 1o ￿ ￿ dqg oŁ : fc wkhq ‘ ￿EŁ￿ pd| eh srvlwlyh ru qhjdwlyh gh0
shqglqj rq wkh vl}h ri @1
e, Vxssrvh 1o : ￿ dqg oŁ : fc wkhq ‘￿EŁ￿ ￿ f +shrsoh suhihu vhljqlrudjh ryhu wd{hv,
f, Vxssrvh 1o ￿ ￿ dqg oŁ ￿ fc wkhq djdlq ‘￿EŁ￿ ￿ f +shrsoh suhihu vhljqlrudjh ryhu wd{hv,
g, vxssrvh 1o ￿ ￿ dqg oŁ ￿ fc wkhq ‘ ￿EŁ￿ p d |e hs r v l w l y hr uq h j d w l y hg h s h q g l q jr qw k hv l } h
ri @1
Iurp Zdoodfh +4<;3,/ zh nqrz wkdw wkh prvw ghvluhg srolf| lv wkh rqh lq zklfk pdnhv
w k hu d w hr iu h w x u qr q?dw prqh| htxdo wr wkh udwh ri uhwxuq rq vwrudjh1 Wklv zrxog uhtxluh
wkh prqh| vwrfn wr ghfolqh/ lpso|lqj wkdw oxps0vxp wd{hv zrxog kdyh wr ?qdqfh pruh wkdq
433( ri wkh oxps0vxp wudqvihu1 Sxw dqrwkhu zd|/ wkh frqwudfwlqj prqh| vxsso| zrxog
46dprxqw wr dqrwkhu irup ri vxevlg| iru djhqwv1 Iru xv/ wkh txhvwlrq lv/ jlyhq wkdw wkh prqh|
vwrfn fdqqrw frqwudfw/ zkdw iudfwlrq ri wkh oxps0vxp wudqvihu zrxog djhqwv suhihu wr vhh
frplqj iurp oxps0vxp wd{hv1 Jlyhq wkh jhqhudolw| ri wkh vhwxs/ d vshfl?f dqvzhu wr wklv
txhvwlrq kdv hoxghg xv wkxv idu1 Wkh qh{w vhfwlrq surfhhgv zlwk d qxphulfdo dqdo|vlv ri wkh
prgho hfrqrp|1
7 Frpsxwdwlrqdo h{shulphqwv
Lq wklv vhfwlrq/ wkh remhfwlyh lv wr txdqwli| wkh h>hfwv wkdw gl>huhqw ydoxhv ri wkh wd{0
uhvsrqvlelolw| sdudphwhu kdyh rq wkh djhqw*v ghflvlrqv1 Lq sduwlfxodu/ rxu jrdo khuh zloo
eh wr vwxg| wkh iroorzlqj txhvwlrq= li d ehqhyrohqw jryhuqphqw zdqwv wr fkrrvh d ydoxh iru
Ł wkdw pd{lpl}hv wkh olihwlph xwlolw| ri d uhsuhvhqwdwlyh djhqw/ zkdw ydoxh zrxog lw fkrrvhB
Rxu qxphulfdo dqdo|vhv zloo shuplw xv wr dvvhvv zkhwkhu dq 3lqwhulru4 ydoxh iru Ł pd| eh
fkrvhq/ l1h1/ zkhwkhu wkh wuhdvxu| dqg wkh fhqwudo edqn zloo eh dvnhg wr vkduh wkh uhvsrqvl0
elolw| ri udlvlqj wkh uhyhqxh1 Lq rughu wr surfhhg ixuwkhu/ zh ?uvw vshfli| suhihuhqfhv duh dq
dgglwlyh orj irup dqg frpsxwh wkh ghflvlrq uxohv1
714 H{dpsoh zlwk orj xwlolw|
Wkh xwlolw| ixqfwlrq lv uhsuhvhqwhg dv iroorzv=
LES￿cS 2￿’* ? E S￿￿n* ? E S2￿ +46,















Xvlqj +47, dqg +;,/ lw lv srvvleoh wr vroyh iru wkh htxloleulxp uhwxuq wr ghsrvlwv/ zklfk lv
+diwhu vrph dojheud,=
o
2 E+ ￿ Ł@￿noi2E￿￿ Ł￿@ ￿ @ ￿ E+ ￿ Ł@￿d￿ nE ￿￿ ￿￿%oj n @d￿ nE ￿￿ ￿￿%o’f +48,
47Xvlqj +48,/ lw lv vwudljkwiruzdug wr vroyh iru wkh htxloleulxp ohyho ri ghsrvlwv/ frqvxpswlrq/
hwf1 Iru rxu sxusrvhv/ zkdw lv lpsruwdqw lv wkdw wkh htxloleulxp ghflvlrq uxoh iru ghsrvlwv
lv d ixqfwlrq ri wkh uhvsrqvlelolw| sdudphwhu/ Ł1 Ehfdxvh wkh h{suhvvlrq iru wkh jurvv uhdo
uhwxuq wr ghsrvlwv lv d txdgudwlf/ wkhuh duh wzr fdqglgdwh htxloleuld/ hyhq iru wkh fdvh zlwk
orj xwlolw|1
Wkhvh wzr vroxwlrqv fruuhvsrqg wr wkh wzr lqwhuhvw udwhv dw zklfk wkh fhqwudo edqn fdq
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E| gh?qlwlrq/ o￿ dqg o2 vdwlvi| wkh jryhuqphqw exgjhw frqvwudlqw> wkdw lv/ 7Eo￿’E ￿￿ Ł￿@
krogv lq htxloleulxpØ
Iru looxvwudwlyh sxusrvhv/ frqvlghu dq hfrqrp| zlwk wkh iroorzlqj sdudphwhuv= + ’￿ /
@ ’f ØfS/ ￿ ’f Ø￿.￿/ % ’￿ Øf.c dqg Ł ’f Ø￿Ø Wkhq o￿ ’ 31<9 dqg o2 ’ 31391 Wkh vhljqlrudjh
Od>hu fxuyh/ 7Eo￿ +vhh +49,, lv looxvwudwhg lq Iljxuh 51 Lw lv sorwwhg dorqj zlwk wkh krul}rqwdo
olqh E￿ ￿ Ł￿@Ø Wzr wklqjv duh fohdu iurp wkh slfwxuh1 Iluvw/ wkh fhqwudo edqn*v ?qdqflqj
uhvsrqvlelolw| lv phw hlwkhu dw wkh orz lqwhuhvw udwh/ o2 ’ 3139/ ru dw wkh kljk lqwhuhvw udwh/
o￿ ’ 31<91 Vhfrqg/ dq lqfuhdvh lq wkh sdudphwhu Ł zrxog orzhu wkh fhqwudo edqn*v ?qdqflqj
uhvsrqvlelolw|1 Wkh krul}rqwdo olqh deryh zrxog vkliw grzqzdugv1 Wklv zrxog lqfuhdvh wkh
udwh ri lqwhuhvw dw o￿ dqg orzhu lw dw o2Ø Lq rwkhu zrugv/ wkh fhqwudo edqn zrxog kdyh wr orzhu
wkh prqh| jurzwk udwh dw o￿ dqg udlvh lw dw o2Ø Lw lv wkhuhiruh qrw vxusulvlqj wkdw wkh zhoiduh
uhvxowv dw wkh wzr lqwhuhvw udwhv zloo eh yhu| gl>huhqw/ dq lvvxh zh wxuq wr ehorz1
48715 Qxphulfdo dqdo|vlv zlwk orj xwlolw|
Iru wkh frpsxwdwlrqdo h{shulphqwv/ zh zrun zlwk wkh xwlolw| ixqfwlrq dv lq +46, dqg vhw wkh
edvholqh sdudphwhuv dv iroorzv= + ’￿ / @ ’f ØfS/ ￿ ’f Ø￿.￿/d q g% ’￿ Øf.1Z h o h w Ł ydu|
ehwzhhq 3 dqg 41 Uhfdoo wkdw dq lqfuhdvh lq Ł orzhuv wkh fhqwudo edqn*v uhvsrqvlelolw|/ vkliwlqj
juhdwhu exughq rq wr wkh wuhdvxu|1 Iru wkhvh sdudphwhu vhwwlqjv/ lw lv vwudljkwiruzdug wr
frpsxwh wkh jurvv uhdo uhwxuq wr ghsrvlwv/ dqg vxevhtxhqwo|/ wkh htxloleulxp ohyho ri ghsrvlwv/
wkh jurvv uhdo uhwxuq rq ?dw prqh| +zklfk lv dovr wkh lqyhuvh ri wkh prqh| jurzwk udwh wkdw
vdwlv?hv wkh jryhuqphqw exgjhw frqvwudlqw,/ dqg wkh vwhdg|0vwdwh ohyho ri zhoiduh1 Lw wxuqv
r x ww k d wi r uw k he d v h o l q hs d u d p h w h u v /w k h u hl vdx q l t x hydolg htxloleulxp fruuhvsrqglqj wr
wkh kljk lqwhuhvw udwh htxloleulxp dooxghg wr lq Vhfwlrq 714153
Zh uhsruw rq irxu hqgrjhqrxv yduldeohv= zhoiduh/ wkh jurvv uhdo uhwxuq wr ghsrvlwv/ wkh
txdqwlw| ri ghsrvlwv/ dqg wkh jurzwk udwh ri prqh| dv wkh| uhodwh wr wkh wd{0uhvsrqvlelolw|
sdudphwhu1 Iljxuh 6 ghslfwv wkhvh uhodwlrqvklsv lq irxu vhsdudwh sdqhov1 Sdqho d +xsshu
ohiw, vkrzv wkdw vwhdg|0vwdwh zhoiduh uhdfkhv d pd{lpxp dw durxqg Ł ’f Ø2 lqglfdwlqj wkdw
djhqwv lq wkh prgho hfrqrp| zrxog suhihu wkdw wkh fhqwudo edqn dqg wkh wuhdvxu| vkduh wkh
uhyhqxh udlvlqj uhvsrqvlelolwlhv vxfk wkdw rqo| derxw 53( ri wkh uhyhqxhv 3vkrxog4 frph iurp
oxps0vxp wd{hv1 Wkh uhpdlqlqj sdqhov khos wr vkrz zk| wklv uhvxow lv rewdlqhg1 Htxdwlrq
+45, lqglfdwhv wkdw wkh h>hfw ri fkdqjhv lq wkh wd{0uhvsrqvlelolw| sdudphwhu rq wkh jurvv uhdo
uhwxuq wr ghsrvlwv dqg wkh h>hfw rq wkh hodvwlflw| ri ghsrvlwv wr fkdqjhv lq wkh jurvv uhdo
uhwxuq duh lpsruwdqw idfwruv lq ghwhuplqlqj wkh gluhfwlrq ri fkdqjh lq vwhdg|0vwdwh zhoiduh1
Sdqho e +xsshu uljkw, vkrzv wkdw wkh jurvv uhdo uhwxuq wr ghsrvlwv lv lqfuhdvlqj lq wkh wd{0
uhvsrqvlelolw| sdudphwhu1 Lq odujh sduw/ Sdqho g +orzhu uljkw, fdq dffrxqw iru wkh gluhfwlrq
ri fkdqjh lq oŁ1 Lqghhg/ wkh prqh| jurzwk udwh wkdw vdwlv?hv htxdwlrq +43, ghfuhdvhv dv
wkh wd{0uhvsrqvlelolw| sdudphwhu lqfuhdvhv1 Wkh h>hfw rq djhqw*v vdylqjv ehkdylru lv d elw
pxggohg1 Rq wkh rqh kdqg/ dq lqfuhdvh lq Ł wudqvodwhv lqwr d kljkhu wd{ exughq rq wkh
53Vhh Dsshqgl{ D iru d frpsohwh glvfxvvlrq ri wkh h{lvwhqfh dqg xqltxhqhvv ri ydolg vwhdg| vwdwhv xvlqj
wkh odz ri prwlrq iru uhdo prqh| edodqfhv1 Wkhuh lw lv vkrzq wkdw wkh rqo| ydolg vwdwlrqdu| frpshwlwlyh
htxloleulxp lv rqh zlwk d 3kljk4 lqwhuhvw udwh1 Wkh htxloleulxp zlwk d 3orz4 lqwhuhvw udwh lv qrw ohjlwlpdwh
dv lw lv dvvrfldwhg zlwk qhjdwlyh prqh| jurzwk udwhv/ dqg khqfh qhjdwlyh sulfh ohyhov1 Txlwh xqvxusulvlqjo|/
wkh kljk0uhwxuq vwhdg| vwdwh lv qrw vwdeoh +vhh Vdujhqw/ 4<;:/ s1 5;5,1
49djhqw*v ?uvw shulrg +zklfk vhuyhv wr uhgxfh vdylqjv,> rq wkh rwkhu kdqg/ wkh ulvh lq wkh
lqwhuhvw udwh pdnhv vdylqj pruh dwwudfwlyh1 Dv Sdqho f +orzhu ohiw, vkrzv/ wkh qhw h>hfw lv
wkdw htxloleulxp vdylqjv idoo1
Shukdsv lw lv pruh vwudljkwiruzdug wr frqfhqwudwh rq frqvxpswlrq1 Iljxuh 7 sorwv wkh
ghflvlrq uxoh iru S￿ dqg S2 iru gl>huhqw ohyhov ri Ł1 Wkh wrs sdqho vkrzv wkdw dq lqfuhdvh
lq wkh wd{0uhvsrqvlelolw| sdudphwhu uhgxfhv wkh djhqw*v ?uvw0shulrg frqvxpswlrq1 Wkxv/ wkh
lqfuhdvh lq oxps0vxp wd{hv pruh wkdq r>vhwv wkh ghfolqh lq vdylqj1 Dv wkh erwwrp sdqho
vkrzv/ ghvslwh d ghfolqh lq vdylqj/ wkh lqfuhdvh lq wkh uhwxuq wr ghsrvlwv lv hqrxjk wr udlvh
vhfrqg shulrg lqfrph/ dqg frqvxpswlrq1 Lq rwkhu zrugv/ dq lqfuhdvhg xvh ri wkh oxps0vxp
wd{ rswlrq +jlyhq d ohyho ri rog0djh wudqvihu, lqfuhdvhv rog0djh xwlolw| dw wkh h{shqvh ri |rxqj0
djh xwlolw|1 Frqvhtxhqwo|/ wkh ryhudoo h>hfw rq olihwlph zhoiduh lv qrq0prqrwrqlf1 Dv Iljxuh
6 +sdqho d, looxvwudwhv/ ryhudoo olihwlph zhoiduh jrhv xs dv Ł ulvhv xs wr d fulwlfdo ohyho/ exw
eh|rqg wklv/ zhoiduh zloo idoo1 Dv Iljxuh 7 vkrzv/ wkh idoo lq ?uvw shulrg frqvxpswlrq lv idu
wrr vhyhuh wr eh pdgh xs e| lqfuhdvhg vhfrqg0shulrg frqvxpswlrq1 Wkxv/ wkh sdudphwhul}hg
prgho hfrqrp| |lhogv uhvxowv wkdw pdwfk xs zlwk fdvh +d, lq Sursrvlwlrq 51
Wklv zhoiduh uhvxow lwvhoi lv vrphzkdw frxqwhulqwxlwlyh1 Diwhu doo/ vhljqlrudjh lv dftxluhg e|
xvlqj wkh glvwruwlrqdu| lq dwlrq wd{/ zkhuhdv oxps0vxp wd{hv duh qrw glvwruwlrqdu|1 Vr zk|
lv lw wkdw d ehqhyrohqw jryhuqphqw/ idfhg zlwk d rswlrq ri fkrrvlqj ehwzhhq d glvwruwlrqdu|
dqg d qrq0glvwruwlrqdu| lqvwuxphqw/ hohfwv wr xvh vrph ri wkh odwwhu dq|zd|B Qrwh wkdw
wkhuh lv dq h{solflw olqn ehwzhhq wkh wd{0uhvsrqvlelolw| sdudphwhu dqg wkh prqh| jurzwk
udwh1 Ehfdxvh wkhuh lv d ?{hg ohyho ri jryhuqphqw vshqglqj/ fkdqjhv lq wkh xvdjh ri oxps0
vxp wd{hv gluhfwo| d>hfwv wkh prqh| jurzwk udwh wkdw wkh fhqwudo edqn fdq vhw/ zklfk
lqgluhfwo| fkdqjhv wkh uhodwlyh sulfh ri ?uvw dqg vhfrqg shulrg frqvxpswlrq1 Fkdqjhv lq wkh
uholdqfh rq vhljqlrudjh kdv vlplodu glvwruwlqj h>hfwv1 Dv vxfk/ lw ehfrphv frqfhlydeoh wkdw
d ehqhyrohqw jryhuqphqw pd| fkrrvh d frpelqdwlrq ?qdqflqj vfkhph1 Qh{w/ zh frqgxfw
ixuwkhu frpsxwdwlrqdo h{shulphqwv wr dvvhvv zkhwkhu rxu zhoiduh uhvxowv lv vhqvlwlyh wr rxu
sdudphwhu vhwwlqjv1
4:716 Dvvhvvlqj wkh lpsruwdqfh ri nh| sdudphwhuv
Rqh fdq hdvlo| txleeoh zlwk wkh vhohfwlrq ri wkh sdudphwhu ydoxhv lq wkh edvholqh frpsxwd0
wlrqdo h{shulphqwv154 Khuh/ zh frqvlghu wkh h>hfwv ri gl>huhqw sdudphwhu vhwwlqjv> vshfl?fdoo|/
zh frqvlghu gl>huhqw ohyhov ri oxps0vxp wudqvihu sd|phqwv/ uhvhuyh uhtxluhphqwv dqg jurvv
uhdo uhwxuq wr vwrudjh1
Zh ehjlq dvnlqj/ zkdw kdsshqv wr olihwlph zhoiduh xqghu gl>huhqw ydoxhv ri wkh rog0
djh wudqvihuB55 Iljxuh 8 sorwv wkh djhqw*v olihwlph zhoiduh djdlqvw wkh wd{0uhvsrqvlelolw|
sdudphwhu iru wzr gl>huhqw ydoxhv ri @> @ ’ ifØf￿cfØ￿Dj1 L qh l w k h uf d v h /w k h u hl vdv l q j o h
ydolg htxloleulxp fruuhvsrqglqj wr d kljk0uhwxuq rq ghsrvlwv1 Wkh wzr sdqhov ri Iljxuh 8
lqglfdwh wkdw fkdqjhv lq wkh vl}h ri wkh oxps0vxp wudqvihu suhflslwdwh fkdqjhv lq wkh zhoiduh0
pd{lpl}lqj fkrlfh ri wkh wd{0uhvsrqvlelolw| sdudphwhu1 Zlwk @ ’f Øf￿/w k hw r ss d q h ov k r z v
wkdw djhqwv zrxog suhihu vhljqlrudjh wr dffrxqw iru 433( ri wkh jryhuqphqw*v uhyhqxh1 Wkh
prvw suhihuuhg ?qdqflqj vfkhph/ krzhyhu/ vkliwv dv wkh vl}h ri oxps0vxp wudqvihuv lqfuhdvhv1
Lqghhg/ wkh erwwrp sdqho lqglfdwhv wkdw djhqwv suhihu oxps0vxp wd{hv wr dffrxqw iru voljkwo|
ryhu ;3( ri jryhuqphqw uhyhqxhv zkhq @ ’f Ø￿D1 Wkh frpsxwdwlrqdo h{shulphqwv lqglfdwh
wkdw dv wkh vl}h ri rog0djh wudqvihuv lqfuhdvh/ djhqwv duh pruh zloolqj wr sd| iru wkhp zlwk
oxps0vxp wd{hv1 Dv wkh rog0djh wudqvihu lqfuhdvhv/ iru h{dpsoh/ lw ehfrphv hdvlhu iru djhqwv
wr hqmr| zhoiduh0lpsurylqj frqvxpswlrq doorfdwlrqv dqg khqfh djhqwv zdqw d vpdoohu lq dwlrq
wd{ rq wkhlu vdylqjv1 Lq rwkhu zrugv/ dq lqfuhdvh lq wkh rog0djh wudqvihu sd|phqw h>hfwlyho|
lqvxuhv wkh djhqw/ uhgxflqj wkh 3frvw4 ri |rxqj0djh wd{dwlrq1 Frqvhtxhqwo|/ wkh djhqw zdqwv
wkh vpdoohvw glvwruwlrq wr wkh uhwxuq rq wkhlu vdylqjv1 Khqfh/ wkh| suhihu oxps0vxp wd{hv1
Iljxuh 9 uhsruwv wkh frpelqdwlrqv ri olihwlph zhoiduh dqg wkh wd{0uhvsrqvlelolw| sdudphwhu
zlwk wkh uhvhuyh uhtxluhphqw vhw htxdo wr 4(1 Zh frqvlghu wklv fdvh ehfdxvh doo vwrudjh lv
lqwhuphgldwhg lq wklv prgho hfrqrp|1 Frpsduhg zlwk wkrvh uhsruwhg lq wkh edvholqh vhwwlqj/
wkh uhvxowv zlwk ￿ ’f Øf￿ duh txdqwlwdwlyho| gl>huhqw1 Dv Iljxuh 9 vkrzv/ zhoiduh ghfolqhv
54Lq vrph fdvhv/ wkh zh xvh vdpsoh dyhudjhv iurp gdwd zkloh lq rwkhu fdvhv/ wkh sdudphwhuv duh vhohfwhg1
Wkh vhohfwlrq lv shukdsv hvshfldoo| qhwwohvrph zlwk dq ryhuodsslqj jqhudwlrqv prgho ehfdxvh wkh dssursuldwh
ohqjwk ri wkh shulrg lv 58063 |hduv li wdnhq olwhudoo|1
55Lq rughu wr vdyh vsdfh/ zh uhsruw rqo| wkh frpelqdwlrqv ri vwhdg|0vwdwh zhoiduh dqg wkh wd{0uhvsrqvlelolw|
sdudphwhu1 Pxowl0sdqho ?jxuhv +vhh Iljxuhv 6 dqg 7, duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
4;dv wkh wd{0uhvsrqvlelolw| sdudphwhu lqfuhdvhv1 Djhqwv dffruglqjo| suhihu vhljqlrudjh wr sd|
iru 433( ri wkh uhyhqxhv1 Zlwk d orzhu uhvhuyh uhtxluhphqw/ wkh lq dwlrq wd{ edvh ghfolqhv
dv wkh uhvhuyh uhtxluhphqw ghfolqhv1 Vr grhv wkh glvwruwlrq lqkhuhqw wr kroglqj ?dw prqh|1
Iru olihwlph zhoiduh/ lw lv wkh wudgh0r> ehwzhhq wkh jurvv uhdo uhwxuq wr ghsrvlwv dqg wkh
exughq ri wd{ sd|phqwv zkhq |rxqj wkdw pdwwhuv1 D txlfn jodqfh dw wkh h{suhvvlrq iru wkh
htxloleulxp jurvv uhdo uhwxuq wr ghsrvlwv vkrzv wkdw oŁ lv vpdoohu +lq devroxwh ydoxh, zlwk
d vpdoohu uhvhuyh uhtxluhphqw1 Frqvhtxhqwo|/ djhqwv suhihu wkh vpdoohu fkdqjh lq wkh sulfh
ri rog0djh frqvxpswlrq wr wkh fkdqjh lq |rxqj0djh glvsrvdeoh lqfrph wkdw dffrpsdqlhv d
fkdqjh lq wkh wd{0uhvsrqvlelolw| sdudphwhu1
Lq dgglwlrq/ zh frqvlghu wzr dowhuqdwlyh vhwwlqjv iru wkh jurvv uhdo uhwxuq wr fdslwdo1
Zh vhw % ’￿ Ø. wr dgguhvv frqfhuqv wkdw d wzr0shulrg ryhuodsslqj jhqhudwlrqv hfrqrp| li
surshuo| fdoleudwhg rxjkw wr fruuhvsrqg wr jurvv uhdo uhwxuqv ryhu shulrgv ri 53 wr 63 |hduv1
Zh dovr frqvlghu d fdvh lq zklfk % ’￿ Øff. wr lqgluhfwo| dgguhvv wkh lpsruwdqfh ri wkh udwh
ri uhwxuq grplqdqfh ri prqh|1 Lq h>hfw/ wkh odwwhu fdvh fruuhvsrqgv wr d vlwxdwlrq zkhuh
wkh uhwxuq vsuhdg ehwzhhq wkh wzr yhklfohv iru vdylqjv lv wlq|1
Iljxuh : sorwv wkh vwhdg| vwdwh zhoiduh ohyho iru erwk vhwwlqjv1 Wkh wrs sdqho sorwv
frpelqdwlrqv ri ‘ dqg Ł zlwk % ’￿ Ø.1 Wklv h{shulphqw vkrzv wkdw djhqwv suhihu vhljqlrudjh
wr dffrxqw iru 433( ri wkh jryhuqphqw*v uhyhqxh1 Lq frqwudvw/ zlwk d orz uhwxuq wr vwrudjh ri
% ’￿ Øff. +wkh erwwrp sdqho,/ zhoiduh lqfuhdvhv dv wkh wd{0uhvsrqvlelolw| sdudphwhu lqfuhdvhv1
Khuh/ djhqwv suhihu oxps0vxp wd{hv wr dffrxqw iru 433( ri wkh jryhuqphqw*v uhyhqxh1 Wkh
uhvxowv iurp wkhvh wzr h{shulphqwv vxjjhvw wkdw wkh vl}h ri udwh0ri0uhwxuq grplqdqfh sod|v dq
lpsruwdqw uroh lq ghwhuplqlqj zklfk ?qdqflqj vfkhph lv suhihuuhg1 Zkhq wkh |lhog vsuhdg
lv vpdoo ehwzhhq vwrudjh dqg prqh|/ djhqwv duh zloolqj wr wdnh d ghfolqh lq glvsrvdeoh lqfrph
zkhq |rxqj ehfdxvh wkh udwh ri uhwxuq rq ghsrvlwv lv uhodwlyho| juhdwo| d>hfwhg zkhq wkh
jryhuqphqw uhgxfhv lwv uholdqfh rq vhljqlrudjh1 Lq frqwudvw/ zlwk d kljkhu jurvv uhdo uhwxuq wr
vwrudjh/ wkh vsuhdg ehwzhhq fdslwdo dqg ?dw prqh| lv juhdwhu1 Juhdwhu uholdqfh rq oxps0vxp
wd{hv phdqv wkdw djhqwv vx>hu d juhdwhu ghfolqh lq zhoiduh iru d jlyhq lqfuhdvh lq wkh prqh|
jurzwk udwh1 Khqfh/ djhqwv duh pruh zloolqj wr vxevwlwxwh d orvv ri glvsrvdeoh lqfrph zkhq
|rxqj wr plqlpl}h wkh vsuhdg ehwzhhq uhwxuqv wr fdslwdo dqg prqh|1
Lq jhqhudo/ wkh uhvxowv ri wkh frpsxwdwlrqdo h{shulphqwv lqglfdwh wkdw zhoiduh lv kljkhvw
4<zkhq vhljqlrudjh dffrxqwv iru vrph iudfwlrq ri wrwdo jryhuqphqw vshqglqj1 Dv vxfk/ wkh
prgho hfrqrp| fdq dffrxqw iru wkh vfdwwhu0sorw lq Iljxuh 41 Lq rwkhu zrugv/ zh kdyh duwlfx0
odwhg d wkhru| dv wr zk| jryhuqphqwv durxqg wkh zruog xvh vhljqlrudjh wr ixqg vrph sruwlrq
ri wkhlu vshqglqj1 D pruh prghvw fodlp lv wkdw wkh prgho hfrqrp| dovr r>huv dq dffrxqw
iru zk| wkh uholdqfh rq vhljqlrudjh +dooxghg wr lq wkh lqwurgxfwlrq, ydulhv vr juhdwo| dfurvv
frxqwulhv1 D whqwdwlyh lqwhusuhwdwlrq lv wkdw wkh vhqvlwlylw| dqdo|vhv lqglfdwhv zlgh ydulhw|
lq wkh ydoxh ri Ł dffruglqj wr fkdqjhv lq vrph nh| sdudphwhuv1
8 Dvvhvvlqj wkh fuxfldo ihdwxuhv
Lq wklv vhfwlrq/ zh ghoyh ghhshu dqg dwwhpsw wr lghqwli| wkh idfwruv wkdw duh qhfhvvdu| wr
rewdlqlqj rxu ?qglqjv1 Wr wkdw hqg/ zh dvn= krz urexvw duh rxu ?qglqjv wr dowhuqdwlyh
prgholqj vshfl?fdwlrqvB Krz lpsruwdqw duh wkh dvvxpswlrqv ri dq ryhuodsslqj jhqhudwlrqv
vwuxfwxuh dqg d elqglqj ohjdo uhvwulfwlrq/ dv idu dv gholyhulqj rxu pdlq uhvxowvB Gr rxu uhvxowv
ghshqg rq zkhwkhu wkh jryhuqphqw xvhv wkh uhyhqxh wr ixqg wkh rog0djh wudqvihu ru xvhv lw wr
surylgh 3xvhohvv4 jryhuqphqw jrrgvB Lq rwkhu zrugv/ zkdw lv wkh plqlpdo vhw ri uhvwulfwlrqv
wkdw duh qhfhvvdu| wr rewdlqlqj rxu uhvxowvB
814 Zlwk ehtxhvwv
Zkdw li zh holplqdwhg wkh pdunhw lqfrpsohwhqhvv +lqkhuhqw lq wkh ryhuodsslqj0jhqhudwlrqv
hqylurqphqw, e| doorzlqj djhqwv wr ohdyh ehtxhvwv iru wkhlu r>vsulqj/ dqg uhwdlqhg wkh ohjdo
uhvwulfwlrqB Frxog zh wkhq mxvwli| wkh xvh ri vhljqlrudjh rq zhoiduh jurxqgvB Wkh dqvzhu lv
|hv1
Zh ehjlq zlwk d jhqhudo yhuvlrq ri wkh prgho hfrqrp| wkdw h>hfwlyho| plplfv dq lq?qlwh
krul}rq hfrqrp|1 Lq sduwlfxodu/ vxssrvh wkdw djhqwv fduh derxw wkh xwlolw| ri wkhlu r>vsulqj
e| fkrrvlqj wr ohdyh qrq0qhjdwlyh ehtxhvwv/ Kc wr wkhlu fkloguhq1 Irupdoo|/ wkh| vroyh wkh
iroorzlqj surjudp=
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Lw lv vwudljkwiruzdug wr vhh wkdw zlwk ￿ :q:f/ wklv sureohp lv lghqwlfdo wr wkh surjudp
idfhg e| dq djhqw zkr olyhv iruhyhu1 Iroorzlqj Iuhhpdq +4<<6,/ Dsshqgl{ E vnhwfkhv d
yhuvlrq ri rxu ruljlqdo prgho zkhuh djhqwv duh dowuxlvwlf lq wkdw wkh| fduh derxw wkh zhoiduh
ri wkhlu fkloguhq yld wkh ehtxhvwv wkh| ohdyh iru wkhp1 Zh vkrz wkdw vwhdg| vwdwh zhoiduh lv
pd{lpxp dw vrph Ł 5 dfc￿￿ li= +l, ehtxhvwv duh srvlwlyh> +ll, q:fØD> dqg +lll, wkh uhwxuq
wr vwrudjh lv qrw 3wrr elj41 Zlwk wkhvh wkuhh frqglwlrqv vdwlv?hg/ wkh ehvw wklqj iru wkh
jryhuqphqw lv wr dvn wkh wuhdvxu| dqg wkh fhqwudo edqn wr vkduh wkh ?qdqflqj uhvsrqvlelolw|/
hyhq wkrxjk oxps0vxp wd{hv duh dydlodeoh1 Sxw gl>huhqwo|/ wkh prgho hfrqrp| zlwk ehtxhvwv
frqwdlqv htxloleuld zkhuh d, wkh jryhuqphqw*v fkrlfh ri prqhwdu| srolf| frlqflghv zlwk wkh
3jroghq uxoh4 srolf| lq Zdoodfh +4<;3,/ dqg e, zkhuh lw grhv qrw/ mxvw dv rxu ruljlqdo prgho1
Zlwk ehtxhvwv/ pdunhw lqfrpsohwhqhvv lv holplqdwhg1 Ehtxhvwv hvvhqwldoo| doorz wkh
|rxqj wr 3eruurz4 iurp wkh rog$ Li wkh rog fduh derxw wkhlu fkloguhq/ wkh| zloo ohdyh hqrxjk
ehtxhvwv wr wu| dqg 3qxooli|4 wkh suhvhqw frvw ri wkh wd{ idfhg e| wkh |rxqj zkr duh jhwwlqj
klw zlwk wkh wd{ eloo1 Wkdw lv/ wkh| pd| ohdyh hqrxjk ehtxhvwv wr pdnh xs iru wkh orvv lq
?uvw0shulrg glvsrvdeoh lqfrph ri wkh |rxqj1 Zk| pd| wkh rog zdqw wr gr vxfk d wklqjB
Iluvw/ wkh| fduh derxw wkhlu fkloguhq/ dqg vhfrqg/ frpshqvdwlqj wkh |rxqj zlwk ehtxhvwv
zloo ohdyh wkh uhwxuq rq vdylqjv +ghsrvlwv, uhodwlyho| xqd>hfwhg1 Vlqfh wkh rqo| yhklfoh ri
lqwhuwhpsrudo frqvxpswlrq0vprrwklqj lv ghsrvlwv/ wkh rog zrxog zdqw wr wdnh dq| dfwlrq
+ohdyh ehtxhvwv, wkdw zrxog uhgxfh wkh glvwruwlrq rq wklv lqfrph wudqvihu fkdqqho1 Doo wklv
frphv zlwk d frvw= uhgxfhg vhfrqg shulrg lqfrph +ehfdxvh ri wkh rog0djh ehtxhvw,1 Dv vxfk/
zhoiduh pd| eh pd{lpl}hg dw vrph lqwhulru ohyho iru ŁØ
Zlwk prqh| dqg fdslwdo lq wklv prgho/ wkh uhvhuyh uhtxluhphqw surgxfhv d zhgjh ehwzhhq
wkh uhwxuq wr fdslwdo dqg wkh uhwxuq wr ghsrvlwv1 Wkh Sduhwr rswlpdo prqhwdu| srolf| lv wr
54vhw w ’ ￿
%1 56 Lqghhg/ wkh zd| wr uhpryh wkh glvwruwlrq ri prqh| lv wr pdnh lwv uhdo uhwxuq
htxdo wr wkh uhdo uhwxuq rq wkh dowhuqdwlyh dvvhw1 Vxfk d srolf| |lhogv wkh Sduhwr h!flhqw
doorfdwlrq zkhwkhu wkh ehtxhvw prwlyh lv rshudwlrqdo ru qrw1 Wkh xsvkrw lv wkdw zlwk %:￿/
wkh rswlpdo prqhwdu| srolf| uhtxluhv wkh prqh| vxsso| wr frqwudfw ryhu wlph1 Dowhuqdwlyho|/
Ł zrxog kdyh wr vhw kljkhu wkdq xqlw| lq rughu wr sd| iru wkh oxps0vxp wudqvihu sd|phqw
jlyhq wkh orvv lq uhyhqxh iurp wkh frqwudfwlqj vwrfn ri prqh|1 Ehfdxvh wkh prqh| vxsso|
fdqqrw frqwudfw/ wkh jryhuqphqw*v fkrlfh ri prqhwdu| srolf| zloo jhqhulfdoo| qrw frlqflgh
zlwk wkh 3jroghq uxoh4 srolf| lq Zdoodfh +4<;3,1 Lq vkruw/ fhqwudo edqn uhvsrqvlelolw| pd| eh
srvlwlyh li d elqglqj uhvhuyh uhtxluhphqw frh{lvwv zlwk wkh uhvwulfwlrq wkdw wkh prqh| vwrfn
fdqqrw frqwudfw1
815 Sxusrvhohvv jryhuqphqw h{shqglwxuhv
Vr idu/ zh kdyh prghohg jryhuqphqw vshqglqj dv ehlqj sxusrvhixo/ l1h1/ jryhuqphqw h{shq0
glwxuhv fdq eh frqvxphg e| djhqwv1 Zrxog rxu fhqwudo uhvxow derxw vkduhg ?qdqflqj uh0
vsrqvlelolw| vxuylyh li zh dedqgrqhg wkdw dvvxpswlrqB Wr vwxg| wklv/ zh prgli| wkh prgho
hfrqrp| dv iroorzv1 Zh srvlw wkdw wkh jryhuqphqw kdv wr ?qdqfh d ?{hg ohyho ri jryhuq0
phqw h{shqglwxuhv/ }c hyhu| shulrg1 Vshfl?fdoo|/ hyhu| shulrg/ wkh jryhuqphqw dssursuldwhv
















Wkhuhiruh/ wkh sodqqhu pxvw fkrrvh º wr hqvxuh wkdw u @ { zklfk lpsolhv º @ 4
{1E x w /v l q f h{A4> wklv lv
h{dfwo| wkh Iulhgpdq uxoh1
55wd{hv dqg prqh| fuhdwlrq157 Wkhvh jrrgv duh wkhq frvwohvvo| wudqviruphg lqwr d 3jryhuqphqw
jrrg4 zklfk grhv qrw hqwhu lqwr wkh djhqwv* xwlolw| ixqfwlrq1 Lw lv dv li wkh dssursuldwhg
frqvxpswlrq jrrgv duh wkurzq lq wkh rfhdq1
Lq wklv prgl?hg hqylurqphqw/ wkh djhqw*v sureohp wkhq lv wr ?qg qrq0qhjdwlyh frpelqd0
wlrqv ri ?uvw dqg vhfrqg shulrg frqvxpswlrq wkdw pd{lpl}h +4, vxemhfw wr
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Li wkh xwlolw| ixqfwlrq lv vshfl?hg dv +46,/ lw lv hdv| wr fkhfn wkdw _ ’
+3￿
2 1 Dq h{dfw dqdorj
ri +;, iru wklv hfrqrp| pd| eh zulwwhq dv

















Lq hyhu| rwkhu dvshfw/ wklv hfrqrp| lv lghqwlfdo wr wkh hfrqrp| ghvfulehg lq Vhfwlrq 51 Zh
dgrsw wkh vdph edvholqh sdudphwhuv dv ehiruh= + ’￿ / @ ’f ØfS/ ￿ ’f Ø￿.￿/d q g% ’￿ Øf.1
Wkhq/ lw lv vwudljkwiruzdug wr yhuli| wkdw dv Ł lqfuhdvhv iurp 3 wr 4/ wkh prqh| jurzwk udwh
idoov zklfk udlvhv wkh uhwxuq rq ghsrvlwv1 Lw lv dovr wkh fdvh wkdw wkh yroxph ri ghsrvlwv idoov/
?uvw shulrg frqvxpswlrq idoov dqg vhfrqg shulrg frqvxpswlrq ulvhv1 Lw wxuqv rxw wkdw djhqwv
lq wklv hfrqrp| zrxog suhihu wkdw wkh wuhdvxu| udlvh derxw 53( ri wkh uhyhqxh qhhghg wr
edfn wklv 3sxusrvhohvv4 jryhuqphqw vshqglqj1 Li } lqfuhdvhv wr 313;/ wkh djhqwv zrxog suhihu
wkdw oxps0vxp wd{hv edfn derxw 63( ri wkh jryhuqphqw*v vshqglqj1 Dv vxfk/ rxu fhqwudo
uhvxow lv lppxqh wr zkhwkhu jryhuqphqw vshqglqj d>hfwv djhqwv* exgjhw vhwv ru qrw1
816 Uhpdunv
Wkh sxusrvh ri wklv vhfwlrq zdv wr xqfryhu wkh fuxfldo hohphqw lq wkh prgho hfrqrp| wkdw zdv
uhvsrqvleoh iru jhqhudwlqj rxu fhqwudo uhvxow ri vkduhg ?qdqflqj uhvsrqvlelolw|1 Zh vkrzhg
wkdw/ fhwhulv sdulexv/ wkh ?qlwhqhvv ri wkh olihwlphv ri rxu djhqwv +dqg wkh lqkhuhqw pdunhw
lqfrpsohwhqhvv lq wkh ryhuodsslqj jhqhudwlrqv vhwxs, zdv qhlwkhu d qhfhvvdu| qru d vx!flhqw
57Khuh/ wkh jryhuqphqw xvhv ?dw prqh| lq h{fkdqjh iru xqlwv ri wkh frqvxpswlrq jrrg1
56suhfrqglwlrq1 Lq wkh vdph yhlq/ lw zdv qrw txdolwdwlyho| lpsruwdqw zkhwkhu jryhuqphqw
h{shqglwxuhv jrw uhedwhg +lq wkh irup ri d oxps0vxp rog0djh wudqvihu, ru zkhwkhu wkh|
zhuh sxuho| zlwkrxw sxusrvh1 Dv vxfk/ lw lv fohdu wkdw wkh glvwruwlrq fdxvhg e| wkh elqglqj
uhvhuyh uhtxluhphqw dqg wkh uhvwulfwlrq wkdw wkh prqh| vwrfn fdqqrw frqwudfw duh qhfhvvdu|
frqglwlrqv wr rewdlqlqj rxu pdlq uhvxow1 Zlwkrxw wkhvh wzr glvwruwlrqv/ wkh vroxwlrq wr wkh
jryhuqphqw*v sureohp lq rxu prgho hfrqrp| zrxog frlqflgh zlwk wkh ?{hg prqh| vwrfn
Sduhwr h!flhqw srolf| h{dfwo| dv lq Zdoodfh +4<;3,1
9 Frqfoxglqj uhpdunv
Lq wklv sdshu/ zh h{soruh wkh txdqwlwdwlyh surshuwlhv ri d vlpsoh jhqhudo htxloleulxp prgho lq
zklfk wzr0shulrg olyhg djhqwv jhw dq rog0djh wudqvihu iurp wkhlu jryhuqphqw1 Wkh jryhuqphqw
pdnhv d ghflvlrq derxw krz pxfk ri wklv wudqvihu vkrxog frph iurp oxps0vxp wd{hv rq wkh
|rxqj1 Wkh dowhuqdwlyh phdqv ri ?q d q f hl vv h l j q l r u d j h 1
Dw ?uvw jodqfh/ lw pljkw dsshdu wkdw wkh dqvzhu lv reylrxv= wkh jryhuqphqw vkrxog
udlvh wkh uhyhqxh iurp wkh qrq0glvwruwlrqdu| oxps0vxp wd{1 Vrphzkdw vxusulvlqjo|/ lw wxuqv
rxw wkdw iru d qrqwulyldo sduw ri wkh sdudphwhu vsdfh/ djhqwv lq wkh prgho hfrqrp| zrxog
suhihu wkdw vrph +li qrw doo, wkh uhyhqxh frphv iurp vhljqlrudjh1 Lq rxu dqdo|vlv/ d uhvhuyh
uhtxluhphqw glvwruwv wkh rqo| phdqv ri vdylqj 8 ghsrvlwv khog zlwk d ?qdqfldo lqwhuphgldu|1
Lq vxfk dq hqylurqphqw/ lw lv srvvleoh wkdw wkh orvv lq ?uvw0shulrg glvsrvdeoh lqfrph gxh wr
wkh oxps0vxp wd{ rxwzhljkv wkh srwhqwldo ehqh?w ri kdylqj wkh uhwxuq rq ghsrvlwv uhodwlyho|
xqd>hfwhg1 Dv vxfk/ djhqwv pd| suhihu wkdw wkh uhwxuq rq vdylqjv wdnhv wkh klw dv rssrvhg
wr wkhlu |rxqj0djh glvsrvdeoh lqfrph1 Wklv zrxog lpso| wkdw wkh jryhuqphqw zrxog wkhq
f k r r v hw ru d l v hv r p hr iw k hu h y h q x hi u r pp r q h |f u h d w l r q 1Z hv k r zw k d ww z rf r q g l w l r q vd u h
fuxfldo wr rewdlqlqj wkh vkduhg ?qdqflqj uhvsrqvlelolw| uhvxow= wkh frh{lvwhqfh ri d uhvhuyh
uhtxluhphqw dqg wkh uhvwulfwlrq wkdw wkh prqh| vxsso| fdqqrw frqwudfw1 Zkhq wkhvh wzr
qhfhvvdu| frqglwlrqv duh vdwlv?hg/ oxps0vxp wd{hv ehfrph vr lqh{wulfdeo| olqnhg wr wkh
glvwruwlrqdu| lq dwlrq wd{ wkdw hyhq zkhq oxps0vxp wd{hv duh xvhg h{foxvlyho|/ wkh djhqw*v
frqvxpswlrq0vdylqj ghflvlrq jhwv glvwruwhg1 Wklv lv qrw d ihdwxuh ri wkh vwdqgdug wh{werrn
h{shulphqw1 Lq rwkhu zrugv/ olihwlph zhoiduh fdq eh kljkhu zlwk glvwruwlrqdu| wd{hv hyhq
57wkrxjk oxps0vxp wd{hv duh dydlodeoh1
Lw ehduv hpskdvlv khuh wkdw wkh fxuuhqw sdshu grhv qrw frqwulexwh wr wkh ydvw olwhudwxuh rq
wkh 3rswlpdo lq dwlrq wd{41 Lq wkdw olwhudwxuh/ wkh irfxv lv rq wkh vrfldo sodqqhu*v sureohp dqg
khqfh/ wkh jrdo lv wr vshoo rxw wkh Sduhwr h!flhqw prqhwdu| srolf|1 Lq idfw/ wkh Sduhwr h!flhqw
srolf| lq rxu vhwxs lv vwloo lghqwlfdo wr wkh rqh lq Zdoodfh +4<;3,1 Khuh/ wkh jryhuqphqw wdnhv
dv jlyhq wkh 3srolf| uhdfwlrq ixqfwlrqv4 ri wkh djhqwv/ dqg wkhq ghflghv rq d srolf| wkdw
pd{lpl}hv d uhsuhvhqwdwlyh djhqw*v zhoiduh1 Zh vlpso| vkrz wkdw wkhuh duh frpshwlwlyh
htxloleuld zklfk fruuhvsrqg wr zhoiduh pd{lpd dqg zkhuh wkh jryhuqphqw grhv qrw ohw wkh
prqh| vwrfn frqwudfw1
Wkh fxuuhqw sdshu kdv ehhq vlohqw dv wr zk| d jryhuqphqw zrxog wdnh wkh uhvhuyh uhtxluh0
phqw dqg wkh uhvwulfwlrq rq wkh prqh|0vxsso| surfhvv dv jlyhq1 Dq lqwhuhvwlqj gluhfwlrq iru
ixwxuh zrun zrxog eh wr vwxg| zkhwkhu ehqhyrohqw jryhuqphqwv zrxog hqgrjhqrxvo| dffhsw
wkhvh uhvwulfwlrqv1
58D Dsshqgl{ D
Lq wklv dsshqgl{/ zh h{soruh fhuwdlq surshuwlhv ri wkh odz ri prwlrq iru uhdo edodqfhv zlwk
d ylhz wr surylqj wkh h{lvwhqfh ri d xqltxh ydolg vwhdg| vwdwh htxloleulxp lq wkh prgho
hfrqrp|1 Zh ehjlq e| zulwlqj grzq wkh odz ri prwlrq iru uhdo prqh| edodqfhv1 Ohw 5
ghqrwh wkh ghpdqg iru uhdo prqh| edodqfhv ru 5 ’ 6*R1 Wkhq/
5| ’ ￿_| +D14,
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Frpelqlqj +D14,0+D17,/ zh jhw wkh odz ri prwlrq iru htxloleulxp uhdo edodqfhv lq wklv prgho
hfrqrp|1 Pruh vshfl?fdoo|/
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59zklfk lv d ?uvw0rughu gl>huhqfh htxdwlrq lq 5Ø Vlpsoli|lqj/ zh jhw
￿ E+ ￿ Ł@￿ ￿ 25| ’
@￿
+
E￿ ￿ ￿￿% n ￿
%
5|n￿ ￿ E￿ ￿ Ł￿@
5|
&, : f +D17
￿
,
zkhuh wkh lqhtxdolw| iroorzv iurp +D17,1 Vrph pruh urxwlqh dojheud |lhogv
5|n￿ ’x E 5|￿ ￿
@






%5| nE ￿￿ Ł￿@Ø +D18,
Doo ohjlwlpdwh htxloleuld 5| pxvw dovr vdwlvi| wkh iroorzlqj uhvwulfwlrqv=58














5|n￿ ￿ E￿ ￿ Ł￿@
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e@￿ E+ ￿ Ł@￿
d￿ E+ ￿ Ł@￿ ￿ 25o
￿ : f
zkhuh wkh lqhtxdolw| iroorzv iurp +D17,
￿
Ø Wkxv xE5|￿ lv vwulfwo| frqfdyh lq 5|Ø Lq rwkhu zrugv/
wkh 5|n￿ ’x E 5|￿ orfxv fdqqrw eh _ vkdshg1
Dv lv fohdu iurp +D19,/
_5|n￿
_5| lv ri dpeljxrxv vljq1 Lq sduwlfxodu/ wkh srvvlelolw| dulvhv wkdw
_5|n￿
_5| pljkw eh qhjdwlyh iru vrph udqjh ri 5 dqg srvlwlyh iru vrph rwkhu udqjh> lq zklfk fdvh/
5|n￿ ’x E 5|￿ zrxog eh qrq0prqrwrqlf1
Fodlp 6 Gh?qh























_5| ’fli 5 ’￿ 5￿ ru 5 ’￿ 52Ø






























Lw lv hdv| wr fkhfn wkdw wkh vroxwlrqv wr wklv txdgudwlf duh 5 ’￿ 5￿ ru 5 ’￿ 52Ø
Dq lpphgldwh lpsolfdwlrq ri Fodlp 6 lv wkdw lw lv lpsrvvleoh iru
_5|n￿
_5| : f iru doo 5Ø Lq
rwkhu zrugv/ 5|n￿ ’x E 5|￿ fdqqrw eh d prqrwrqlfdoo| lqfuhdvlqj vhtxhqfh1
Lq vwhdg| vwdwh/ 5|n￿ ’ 5| ’ 51 Vxevwlwxwlqj 5 lqwr htxdwlrq +D18, |lhogv/
5 ’
@






%5 nE ￿￿ Ł￿@ +D1:,



















Fodlp 7 Dw dq| ydolg vwhdg| vwdwh 5c
_5|n￿
_5| m5 fdqqrw eh qhjdwlyh1










Wkdw lv/ dq| fdqglgdwh vwhdg| vwdwh pxvw vdwlvi| +D1<,1 Qrz/ vxevwlwxwh iru
E￿3￿￿





@￿ E+ ￿ Ł@￿
d￿ E+ ￿ Ł@￿ ￿ 25o
2 ￿
@





Qh{w/ pxowlso| wkh vhfrqg whup rq wkh ukv e|
￿E+3Ł@￿325


















5 : f lpso|lqj wkdw
wkh vxp ri wkh vhfrqg dqg wklug whupv lv srvlwlyh1 Wkh fodlp lv yhul?hg1
Dowhuqdwlyho|/ wkhuh grhv qrw h{lvw dq| ydolg vwhdg| vwdwhv rq wkh grzqzdug vorslqj sduw
ri wkh 5|n￿ ’x E 5|￿ orfxv1 E| lpsolfdwlrq/ ydolg vwhdg| vwdwhv +li dq|, duh wr eh irxqg rq wkh
xszdug vorslqj sruwlrq ri wkh orfxv1
Wkh srvvlelolw| uhpdlqv wkdw wkhuh duh pxowlsoh vwhdg| vwdwhv rq wkh xszdug vorslqj sduw
ri wkh 5|n￿ ’x E 5|￿ orfxv1 Wr uxoh wklv rxw/ lw lv vx!flhqw wr suryh wkdw dw wkh plqlpxp
srlqw ri wkh 5|n￿ ’x E 5|￿ orfxv/ 5| :5 |n￿Ø Wr vhh wklv/ uhfdoo wkdw wkh plqlpxp srlqw rq wkh




@￿ E+ ￿ Ł@￿





ru/ wkdw wkh plqlpxp srlqw rq wkh 5|n￿ ’x E 5|￿ orfxv vdwlv?hv
@￿ E+ ￿ Ł@￿5





Xvh wklv lq +D18, wr jhw
5|n￿ ’x E 5|￿ ￿
@5|




%5| nE ￿￿ Ł￿@
’
@5|
￿ E+ ￿ Ł@￿ ￿ 25|
￿
@￿ E+ ￿ Ł@￿5|
d￿ E+ ￿ Ł@￿ ￿ 25|o
2 nE ￿￿ Ł￿@





￿ E+ ￿ Ł@￿ ￿ 25|
d￿ ￿
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5|3￿ : f ru wkdw
5| : E￿ ￿ Ł￿@ +D144,








￿ E+ ￿ Ł@￿ ￿ 25|
d￿ ￿
@￿ E+ ￿ Ł@￿









zkhuh wkh odvw lqhtxdolw| iroorzv iurp +D144,1
Wr vxppdul}h/ wkh rqo| srvvleoh frq?jxudwlrq iru wkh 5|n￿ ’x E 5|￿ o r f x vl vw k hr q h
looxvwudwhg lq Iljxuh ;1 Wkh orz 5 vwhdg| vwdwh lv lqydolg e| Fodlp 71 Vr wkh xqltxh ydolg
vwhdg| vwdwh lv wkh kljk0 5 vwhdg| vwdwh1 Dovr qrwh wkdw e| lpsolfdwlrq/ doo qrq0vwdwlrqdu|
htxloleuld wkdw vwduw wr wkh ohiw ri wkh kljk0 5 vwhdg| vwdwh ehfrph lqydolgdwhg diwhu wkh
sdvvdjh ri vx!flhqw wlph +vlqfh wkh| hqg xs fruuhvsrqglqj wr htxloleuld rq wkh grzqzdug
vorslqj sduw ri wkh 5|n￿ ’x E 5|￿ orfxv,1
63E Dsshqgl{ E
Lq wklv dsshqgl{/ zh iroorz Iuhhpdq +4<<6, dqg vnhwfk d prgho lghqwlfdo wr wkh fxuuhqw vhwxs
h{fhsw wkdw zh doorz djhqwv wr ohdyh ehtxhvwv wr wkhlu r>vsulqj1 Frqvlghu d wzr0shulrg olyhg
ryhuodsslqj jhqhudwlrqv prgho zlwk sxuh h{fkdqjh lghqwlfdo wr wkh rqh glvfxvvhg lq Vhfwlrq
51 Khuh/ djhqwv kdyh 3g|qdvwlf4 suhihuhqfhv lq wkdw wkh xwlolw| ri dq djhqw eruq dw |c L|
htxdov ￿ES￿|￿næES2|n￿￿ soxv wkh glvfrxqwhg xwlolw| ri khu fklog/ qL|n￿c l1h1/
L| ’ ￿ES￿|￿næES2|n￿￿nqL|n￿Ø +E14,
q lv wkh glvfrxqw idfwru dqg q 5 Efc￿￿Ø Zh zloo dvvxph
￿ :q:fØDØ +E14W,






Lq wkh ?uvw shulrg ri khu olih/ d w|slfdo djhqw uhfhlyhv d ehtxhvw K Ł f iurp khu sduhqwv1 Lq
dgglwlrq/ vkh uhfhlyhv wkh hqgrzphqw ri + xqlwv ri wkh frqvxpswlrq jrrg1 Zkhq rog/ vkh
jhwv d wudqvihu @ iurp wkh jryhuqphqw dqg srwhqwldoo| ohdyhv d ehtxhvw wr khu fklog1 Khu
exgjhw frqvwudlqwv duh dv iroorzv=
+ n K| ’ S￿| n _| n ￿
dqg
o|_| n @ ’ S2|n￿ n K|n￿Ø
Holplqdwlqj _ iurp wkhvh frqvwudlqwv/ zh jhw wkh lqwhuwhpsrudo olihwlph exgjhw frqvwudlqw ri
wkh djhqw=










Wkh djhqw pd{lpl}hv +E15, vxemhfw wr +E16,1 Zh frq?qh rxu dwwhqwlrq wr vwdwlrqdu| htxlole0
uld1 Lw lv hdv| wr fkhfn wkdw wkh ?uvw rughu frqglwlrqv iru dq lqwhulru vroxwlrq wr wkh djhqw*v
sureohp +zlwk srvlwlyh ehtxhvwv, |lhogv










































￿ ￿ E￿ ￿ ￿￿% n ￿
q
Ø +E1<,
Xvh ￿ ’ Ł@c +E17, dqg +E18, lq +E19, wr jhw
K ’
2qS2 ￿ E+ n Ł@￿ ￿ @q
￿ ￿ q
Ø +E143,
Dovr/ xvh +E17, dqg +E18, lq +E19, wr jhw
_ ’ qES2 n K ￿ @￿Ø +E144,
Htxdwh +E1<, dqg +E144, xvlqj +E143, wr jhw
S2 ’
_WE￿ ￿ q￿nE + n Ł@￿n@
￿nq
Ø +E145,
Xvlqj +E145, lq +E143, zrxog wkhq |lhog d ydoxh iru KØ Zh irfxv rq htxloleuld zkhuh K:fØ
Wkh jryhuqphqw fkrrvhv Ł wr pd{lpl}h vwhdg| vwdwh xwlolw|/ ru






Lw lv hdv| wr vhh wkdw pd{lpl}dwlrq ri vwhdg| vwdwh zhoiduh lv htxlydohqw wr pd{lpl}lqj S2Ø

























65Dq lpphgldwh lpsolfdwlrq ri +E146, lv wkdw wkh uhodwlrqvkls ehwzhhq S2 +dqg khqfh vwhdg|
vwdwh zhoiduh, dqg Ł lv prqrwrqlf1 Iurp +E146,/ lw uhdglo| iroorzv wkdw
YS2
YŁ








q ￿ E￿ ￿ ￿￿%
: ￿
ru wkdw





YŁ : fc zh qhhg
￿
q
￿ ￿￿E￿ ￿ ￿￿%￿￿n￿ +E148,
wr rewdlq1 Li +E148, rewdlqv/ wkhq wkh vhfrqg0ehvw rswlpxp lv Ł ’￿ 1L iŁ lv lqghhg 4/ zloo
ehtxhvwv vwloo eh srvlwlyhB
Wr vhh wklv/ xvh +E145-, lq +E143, wr zulwh=
K ’
2@q E￿ ￿ Ł￿E￿￿ q￿
￿ ￿ E￿ ￿ ￿￿% n ￿
q
n + n Ł@ n @
￿nq
￿ + ￿ Ł@ ￿ @q
￿ ￿ q
Ø +E149,
Li Ł ’￿krogv/ +E149, uhgxfhv wr
K ’
@E￿ ￿ 2q￿ ￿ q+￿ @q
2
E￿ n q￿E￿￿ q￿
zklfk lv qhjdwlyh li +E14W￿ krogv1 Wkxv/ xqghu wkh dvvxpswlrq +E14W￿cŁ’￿frxog qrw eh wkh
rswlpdo fkrlfh ri wkh jryhuqphqw1 Lq rwkhu zrugv/ zhoiduh lv pd{lpxp dw vrph Ł 5 dfc￿￿ li
ehtxhvwv duh srvlwlyh dqg +E148, krogv1 Lq zklfk fdvh/ wkh ehvw wklqj wkh jryhuqphqw fdq gr
lv pdnh wkh wuhdvxu| dqg wkh fhqwudo edqn vkduh wkh ?qdqflqj uhvsrqvlelolw|1 Dv vxfk/ hyhq
zlwk dowuxlvwlf djhqwv/ lw lv vwloo srvvleoh wkdw wkh jryhuqphqw zrxog zdqw wr udlvh dw ohdvw
vrph uhyhqxh iurp prqh| fuhdwlrq hyhq wkrxjk oxps0vxp wd{hv duh dydlodeoh1
66Uhihuhqfhv
^4‘ Dl|djdul/ Udr dqg Pdun Jhuwohu/ 4<;8/ 3Wkh Edfnlqj ri Jryhuqphqw Erqgv dqg Prq0
hwdulvp4/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 49/ 4<0771
^5‘ Folfn/ Uhlg Z/ 4<<;/ 3Vhljqlrudjh lq d Furvv0Vhfwlrq ri Frxqwulhv4/ Mrxuqdo ri Prqh|/
Fuhglw/ dqg Edqnlqj/ 63 +5,/ 48704:3
^6‘ bbbbb / 4<<</ 3Wkh Rswlpdo Lq dwlrq Wd{4/ Uhylhz ri Hfrqrplf G|qdplfv/5 /6 5 8 0
6791
^7‘ Iulhgpdq/ Plowrq/ 4<8</ D Surjudp Iru Prqhwdu| Vwdelolw|/ Qhz \run= Irugkdp Xql0
yhuvlw| Suhvv
^8‘ Iuhhpdq/ Vfrww/ 4<;: 3Uhvhuyh Uhtxluhphqwv dqg Rswlpdo Vhljqlrudjh4/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 4< +5,/ 63:0471
^9‘ 9/ 4<<6 3Uhvroylqj Gl>huhqfhv Ryhu wkh Rswlpdo Txdqwlw| ri Prqh|4/ Mrxuqdo ri
Prqh|/ Fuhglw/ dqg Edqnlqj/ 58+7,/ ;340;441
^:‘ Kdvodj/ Mrvhsk K1 dqg Hulf \rxqj/ 4<<;/ 3Prqh| Fuhdwlrq/ Uhvhuyh Uhtxluhphqwv/ dqg
Vhljqlrudjh/4 Uhylhz ri Hfrqrplf G|qdplfv/ 4+6,/ 9::0<;1
^;‘ Vdujhqw/ Wkrpdv/ 4<;5/ 3Eh|rqg Vxsso| dqg Ghpdqg Fxuyhv lq Pdfurhfrqrplfv4/
Dphulfdq Hfrqrplf Uhylhz/ :5+5,/ 6;506;<
^<‘ 9/ 4<;:/ G|qdplf Pdfurhfrqrplf Wkhru|/ Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1
^43‘ 9 dqg Qhlo Zdoodfh/ 4<;4/ 3Vrph Xqsohdvdqw Prqhwdulvw Dulwkphwlf4/ Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 8/ 404:
^44‘ Zdoodfh/ Qhlo/ 4<;3 3Wkh Ryhuodsslqj Jhqhudwlrqv Prgho ri Ildw Prqh|/ lq 3Prghov ri
Prqhwdu| Hfrqrplhv4 + M 1N d u d n h qd q gQ 1Z d o o d f h /H g v 1 , /7 < 0 ; 5 /P l q q h d s r o l v /I h g h u d o
Uhvhuyh Edqn ri Plqqhdsrolv/ 4<;31
^45‘ Zdovk/ Fduo H1/ 4<<;/ Prqhwdu| Wkhru| dqg Srolf|/ Fdpeulgjh/ PD= PLW Suhvv1
67